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Introduction 


It is sixty years since the first symbolic shovels full of earth were lifted 
above the soil of Langley Field to signal the start of construction of 
the first research laboratory for the National Advisory Committee for 
Aeronautics. 

Those shovels of \’irginia ground symbolized more than the construc- 
tion ol a research laboratory-. They were tangible proof that this coun- 
try was determined to btiild an aeronautical research establishment 
second to none in the world, aimed at regaining and then maintain- 
ing the lead in aeronautics which had been given to America by 
Or\ ille and Wilbur Wright less than 14 years before. 

In mid-1917, .\inerica had been at war for three months, in a conflict 
which was to see t'ae airplane grow from a scientific curiosity and a 
sportsman's plaything to an effective weapon of war. 

But when war broke out in 1914, the United States was last on 
the list of world powers equipped with military aucraft. running a 
poor fifth behind France. Gennany, Russia and Great Britain. 

Not only the tangible evidence of aeronautical progirss was lacking. 

The other powers had seen the value of aeronautical research labora- 
tories and facilities as early as 1866. In that year, the .Aeronautical 
Society of Great Britain was formed to stimulate research and ex- 
periment, and to interchaiige the infonnation gained. Herbert Wenhain 
and Horatio Phillips, members of that Society, invented wind tunnels 
soon after 1870. 

France had major installations; Gustave Eiffel's privately owned wind 
tunnels at the foot of the Eiffel Tower and at Auteuil; the .Army’s 
aeronautical laboratory at C'halais-Meudon; and the Institut Aetxi- 
technique de St.-Cyr. Germany had laboratories at Gottingen Uni- 
ve.sity and at the technical colleges of Aachen and Berlin: the govern- 
ment operated a laboratory at .Adlershof, and industry was well-equipped 
with research facilities. Italy and Russia had aeronautical laboratories 
long Itefore the Lhiited States took the step. 

National concern mounted as more and more scientifically prominent 
Americans discovered the woeful position of this country in aeronau- 
tical research. In 1911, it was suggested that the Smithsonian Insti- 
tution, earlier the sttpportcr of Samuel Pierpont Langley's pioneering 
work, l>e given responsibility for an aeronautical laboratory. Objec- 
tions by both the War and .Navy Departments were influential in 
killing the idea for the time being. 

But the Smithsonian pressed its case, and by the following year appeared 
to have met initial success. President William Howard Taft appointed 
a 19-man commission to consider the organization, scope and costs 
of such a laboratory, and to report its findings, along with its 
iccommendations, to the Congress. 

.■\n administrative oversight killed this approach; the appointments 
had been made soleiy by P;-esidcntial action, without the traditional 
advice and consent from the .Senate. The legislation which was 
proposed to authorize the laboratory failed to get unanimous consent. 
The Smithsonian decided to tiy it alone, and reopened Langley's 
laboratoiT. One of the lii-st tasks was a suixey of major research and 
experimental facilities abroad. 

'I'he report which came out of that surv'cy showed clearly the dangerous 
gap between the state of aeronautical technology in Europe and 
in the Lbiited States. t)nce again, the Smithsonian decided to approach 
the Congres.s, and on February 1, 191.’), delivered to the .Speaker 
of the House of Representatives a statement which said, in part; 



“A National Advisory C'oininittec for Aeronautics cannot fail to be 
of inestimable serv-ice in the development of the art of aviation in 
America . . . The aeronautical committee should advise in relation 
to the vork of the government in aeronautics and the coordination of 
the activities of governmental and private laboratories, in which ques- 
tions concented with the study of the problems of aeronautics can 
be experimentally investigated.” 

That statement l>ec 2 me a joint resolutinn of Congress and was added 
as a rider to the Naval Apprapriations .\ct approved March 3, 1915. 
The .Act established an Advisory Committee for Aeronautics (The 
word ".National” was to l)c added later at the first Committee meeting), 
detailed its organization, apportioned its 'uembership, and described 
its general task in words which need no improvement today; 

“. . . it shall be the duty of the .Advisory f:ommittee for .Aeronautics 
to supervise and direct the scientific study of the problems of flight, 
with a view to their practical solution, and to determine the problems 
which should be experimentally attacked, and to discuss their solu- 
tion and titeir application to practical questions. In the event of a 
lalmratory or lalmratories, either in whole or in part, being placed 
under the direction of the committee, the committee may direct and 
conduct research and e.xpcrimeiit in acionaiuics in such laboratory' or 
laboratories.” 

The first Committee appointments were made by President Woodrow 
Wilson on .April 2, 1915, and the fiist full Committee meeting was 
held .April 23. 

Among the early projects completed by the Executive Committee of 
N.AC.A was a facilities survey of industry, government and universi- 
ties. Out of that work, N.AC.A concluded that it would require both a 
laboratory and a flight-test facilitv , I've former for model work and 
experiment, and the latter to work with full-scale proLlems. With 
foresight the Committee recognizetd that building and equipping these 
facilities ought to be a gradual and continuing process, so that the 
laboratory could stay abreast of developments in technology. 

During i91(i, .N.AC.A called a meeting of aircraft and engine manu- 
factuiTrs to discuss the problems and p ogress in aiiplane engine design 
and development. That meeting was the first of many to come, and 
it initiated the close working relationships between the government 
laboratory and private industry' which have cxisled ever since. 

Meantime, the Secretary of War had been told by Congress to survey- 
available military rescix ations to find one suitable for an aeronautical 
experimental station, or to recommend a new site, if no existing 
site were suitable. The Army appointed an oHicer board which selected 
a site a few miles north of Hampton, \'ii-ginia. 

It fulfilled the requirements of the search: It was flat land, fronting 
on water so that test flights could be made over both land and w .\ter. 

It was east of the Mississippi and south of the Mason-Dixon line, 
where weather was generally good for flying. It was no farther than 
12 hours by train from Washington, I). C. It was not .so close to an 
unprotected coastal area as to be subject to attack or possible rapture 
in the event of war. 

special .N.-\C.-\ suixommittee went through a similar search for its 
owii experimental station site, and concluded that the .Army's choice 
was a wise one. The suixommittee recommended that the .Army- 
buy the site north of Hampton as a test area for joint .-Vrmy, Navy 
and .N.AC.-\ experiments. 

That site w-as to become Langley Field, named after Samuel Pierpont 
Langley. .N.AC.A (which in 1958 became ihe nueleus of the .National 
.Aeronautics and Spare .Administration) would build its first test 
center there, but neither the .\rmy nor the Navy would u.se it for 
experimental work. The .-\rmy would establish its lest area at McCix)k 
Field, near Dayton, Ohio; the Navy, oriented toward lests of seaplanes, 
would move its experimental work across the w-atcr to .Norfolk, Vii-ginia. 
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1917-1927 

Langl^ Research Center, born during the first 
World War, saw the shaping of the framework 
of decades to come during its first ten years of 
life. 

The war had introduced day and night bombing. 
It had spurred the development of bomb sights, 
automatic pilots, radio communicaticn and navi- 
gation aids, self-sealing fuel tanks and pilotless 
aircraft. 

Within three months after the Armistice, com- 
mercial aviation started in Germany when 
Deutsche Luftreederei began its passenger- 
carrying service. That year also had seen the 
first daily commercial air service started, with 
flights between London and Paris. The first 
international passenger flights from the U. S. 
folloived in 1920; by 1925, regular air freight 
service had been established between Chicago 
and Detroit. The new transport industry became 
subject to its first regulatory legislation, the .4i> 
Commerce Act, signed into law in 1926 by 
President Calvin Coolidge. 

Record flights by the score showed the way toward 
the future routine accomplishments of civil and 
military aviation. The Atlantic was crossed first 
by a U. S. Navy Curtiss NC-4 flying boat, 
and then, non-stop, by Britain's Capt. John 
Alcock and Lt. Arthur U’. Brown in 1919. 

Four years later, the first non-stop transcontinen- 
tal crossing of the United States by air was 
made by iJs. 0. G. Kelly and J. .4. Macready. 
In 1924, two of four .4rmy Douglas amphibious 
biplanes completed ’ nund-the-world flight, 

another first in aviation history. During the 
26,350-mile flight, they flew the first trans- 
pacific crossing and the first westbound North 
Atlantic crossing. 

But the most-remembered achievement of 'he 
post-war years was the solo crossing of the 
Atlantic by Charles .-1. Lindbergh. His 
history-making flight drew world-wide attention 
to the potential of the airplane, and gave an 
impetus to aviation that no other single feat 
since the Wright hr other. s' first flight ever has 
matched. 

Other developments during that first decade pointed 
the way toward the ,ulure of aviation. .-1 Curtiss 
JN-4 was remotely controlled in the air from 
another JN-4; the Sperry gyro-stabilized auto- 
pilot was successfully tested. Inaccessible parts 
of .ilaska were mapped from the air; a Hawaiian 
forest was planted from the air; cloud-seeding 
experiments began. 


Target battleships were sunk by bombing; piped, 
midair refueling was demonstrated. .4n all-metal, 
smooth-surfaced wing was built in Germany by 
Rohrbach, the progenitor of the stressed-skin 
structures which are standard today. 

And in widely separated parts of the world. Dr. 
Robert H. Goddard successfully developed end 
fired liquid-fuelled rocket motors, the German 
Society for Space Travel (Verein fuer Raum- 
schiffehrt) was organized, and the Russian 
government established a Central Committee far 
the Study of Rocket Propulsion. 

The problems^ . ;ng the airplane designer in the 
early post-war years were difficult. The strutted 
and wire-braced biplane had high drag, and a 
low lift-drag ratio. It had poor propeller per- 
formarue, and an engine — or engines — of low 
horsepower and doubtful reliability. 

.Added to this were the complete tack of any 
means to control the landing speed and the approach 
angle, the lack of knowledge of gusts and maneu- 
veiing loads, and stability and handling charac- 
teristics that varied from acceptable to dangerous. 

It is remarkable that any aviation progiess 
was made. 

But it was. The list of technological innovations 
of this decade is impressive. 

It includes the development of a reliable, air- 
cooled engine; cantilevered design; the use of 
metal in structures; the concept of tri-motored 
aircraft; the experimental use of superchargers; 
the trend to the monoplane; and the development 
of limited blind flying equipment. 

This was the form of the first decade at Langley. 

It was a ten-year period of startling growth for 
the airplane, out of its role as a winged weapon 
of war and into new jobs for the military and 
a wide range of commercial services. 

But the growth lu: I been more accidental than 
planned. Designa s worked with a paucity of 
data and filled the gaps with their own experi- 
ence or the experience of others. It was a decade 
of empirical development, of lucky— and, too 
often, unlucky — solutions to the manifold 
problems of airplane design. 

It would be the aim of new aeronauti- 

cal research laboratory at Langley Field to 
reduce the element of ;uck in airplane design, to 
replace it with a body of carefully developed 
scientific data, and to point the way to improved 
airplane design concepts. 
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1. One of two Curtiss 
JN-4H "Jenny” trainers 
before speed tests, 1919. 
2. Sperry M-1 Messenger 
was evaluated in flight 
and in the propeller 
research tunnel. 


In the heat of July 1917, excavation began 
at Langley Field for the first research 
laborator>' to be built foi the National 
Advisory Committee for Aeronautics. 
Langley had been auth jrized as the site for 
NACA’s experimental air station just the 
mouth before, and a contract had been 
let for construction to the J. G. White 
Engineering Corp., of New York Cir,?. 
Estimated cost of the laboratory was 
$80,900. 

By November 1917, after survey’s of exist- 
ing industr>' and airfields to determine the 
state of aviation in the United .States, 

NACA authorized the preparation of plans 
and Sjoecificatioa'^ for its first wind tunnel. 

It was to be like the pioneering wind tunnel 
developed by Giista\'e Eiffel, with a test 
section about five feet in diameter and an 
insert which could be used to reduce the 
working area to a cross-section with a two- 
and-onc-half foot diameter. 

Work began on the tunnel in the spring of 
1919, and it was ready for operation one 
year later. 

By then, SACA had proposed a national 
aviation policy, and among its recommen- 
dations was one that research be expanded 
at the Langley laboratory-. NACA also 
offered the use of ’*s experienced personnel 
and its new facilities to universities and 
industry in order to foster aeronautical 
research and experimental work outside of 
government laboratories 


The new wind tunnel was operated for the 
first time at the formal dedication of the 
Langley Memorial Aeronautical Lalrora- 
tory, now the Langley Research Center, 
on June 1 1, 1920. V'isitors to the lab saw a 
small brick-and<oncrete building, from 
which sprouted two bell-shaped surfaces 
open at the ends. This was the wind tunnel 
and the test building. 

The test building was about ten by fourteen 
feet in floor dimensions, and it stood about 
23 feet high. Throvrgh the center of the 
building ran the cylindrical test section in 
which test models were suspended on wires. 
Below the test section v.eu chairs where 
engineers sat and read the balance arms of 
ordinary weigh scales which had fieen 
modified to measure the loads on the model 
during the test. 

The tunnel could produce a test section 
speed as high as 120 mph., Ijelievcd to be 
the fastest useful test speed then attainable 
in the world. Further, it apparently had 
excellent flow characteristics, compared to 
its contemporaries, and what were termed 
“satisfactory means for measuring the forces 
on models at the highest velocities." 



«. 

1 Within six months or so, the Committee 
i authori<.ed constRiction of a second wind 
!' tunnel, a compressed-air unit designed to 
correct for the scale effect which produced 
I differences between model and full-scale 
f data. Plans were approved one year later 
and construction was authorized. 

' The tunnel was designed to run at pres- 
sures as high as 20 atmospheres (about 300 
psi.), and the test section was to have a 
f five-foot diameter. 

I The compressed-air tunnel, later to be 
1 designated the \ ariabic-density tunnel, was 
I operated first at the annual meeting of the 
I full NACA Committee on October 19, 

I 1922. Incidentally, there was not enough 
i electrical power available at Langley to run 
1 both it and Tunnel \o. 1 concurrendy. 

i The Committee must have been impressed 
' with the growth and stature of the Langley 
Laboratory at the time of the 1922 meet- 
ing. It now was made up of six units: 

The research laboratory building, which 
' included administrative and drafting offices, 
machine and woodworking shops, and 
photographic and instrumentation labs; 

I two aerodynamic laboratories, each con- 
I taining a wind tunnel; two engine dyna- 
• mometer laboratories, one of which w-as in 
a permanent building while the other was 
in a converted hangar; and an airplane 
hangar on the flying field. 

Test equipment included an automatic 
balance and a high-pressure manometer 
for the variable-density tunnel, and a spe- 
! cial wire balance, for the first wind tunnel. 


suitable for making tests of biplane and 
triplanc models. 

These test techniques and facilities were 
aimed at measurements of the aerodynamic 
characteristics of existing aircrafi: and 
their components, to devise cmicepts to 
improve those characteristics. 

But wind tunnels weren’t the only test 
techniques available to the Langley engi- 
neers. \Vithin the second year of Langley’s 
existence, work had started on the develop- 
ment of instruments for flight-test work, 
so that measurements could be made on 
full-scale airplanes and correlated with 
data obtained from models in wind tunnels. 
That first instrumentation program called 
for w’ays to measure engine torque and 
rpm., propeller thnist, airplane speed and 
angle of attack. Knowledge of these param- 
eters of a full-scale airplane would both 
supplement and complement data taken 
during wind tunnel tests. 

This two-pronged approach to the problems 
of aeronautics — by model tests and by full- 
scale flight tests — established the interde- 
pendence of these two test disciplines early 
at Langley. Emphasis on that dual ap- 
proach has been strong ever since, and is 
one of the foundation stones of Langley 
research policy today. 

By mid-1919, with construction of the first 
wind tunnel underway at Langley , re- 
search was authorized for the first NACA 
flight tests with full-scale airplanes. The 
purpose of the tests was to compare in- 
flight data with wind tunnel data for the 
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same aircraft to show the dcjjrce of cor- 
relation, and to Hetemiine, if it could be 
done, a way to extrapolate wind tunnel 
tests to full-scale results. 

The first pro^^ram used two Curtiss JN-4H 
“Jenny" trainer biplanes in a detailed in- 
vestittation of airplane lift and drag. It 
was the forerunner of a myriad of detailed 
investigations that would later lead to the 
dev'clopment of a series of research aircraft 
to explore the unknowns of subsonic and 
supersonic flight. 

There was a second important result of 
that first program with the Jennies. The 
NAC.^ Technical Rep>ort which described 
the tests also noted that there was a need 
to develop a special type of research pilot. 
This was perhaps the first time that the 
role of the engineering test pilot had been 
recognized and described. 

The faithful Jennies served in a variety of 
tests during the years. They pioneered in- 
flight investigations of pressure dbtribution 
so that designers could calculate the air 
loads acting on the wings and tail of the 
aircraft. In the first program, begun in 
1920, XACA technicians instalied 1 10 
pressure orifices in the ‘’'•rizontal tail of 
the wood-and-fabric Jenny, hooked to a 
batters' of liquid-in-glass manometers which 
could be photographed in flight. 

Early in January 1921, research was begun 
to compare the characteristics of wings in 
model tests and in full-scale flight tests, so 
that designers could be furnished svith com- 
plete and accurate data on which to base 
their performance estimates. 


During that same year, new instmments 
were developed and tested in flight to 
measure control position and stick forces 
e.xorted by the pilot. This was done to 
understand and improve handling charac- 
teristics, and thus increase flight safety. Re- 
fined and miniaturized instruments used 
for the same basic purposes find continued 
employment today in the tests of high- 
speed jet aircraft or rocket-propelled 
research vehicles. 

Pressure distribution investigations became 
a major portion of the flight-test work at 
I.angley. From the measurements of loans 
in steady-state flight, the work was ex- 
panded to study the eflTects of accelerated 
flight or maneuvers, because at that time, j 
there was virtually no data available to j 

designers on the distribution of the load 1 

on the wing of the airplane in accelerated | 
flight. { 

Later work extended the pressure-distribu- 
tion measurements to the nose of a non- 
rigid airship, first under steady flight con- 
ditions, and then during maneuvers over 
a range of airspeeds and atmospherie i 

conditions. i 

Five airplanes shouldered the load of flight 
test work during 1921. Three of them were 
the Jennies, Curtiss J.N-4H types. They 
shared the flying field with the Lewis & 
N’ought \’E-7 and a Thomas-Morsc MB-3. 
Together, the Jennies logged 110 hr. of 
flight time in 260 flights during 1921. 

More than half of the flight time was spent 
in data collection. 

Other pacemaking research began in 1922, ' 
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when thr first systematic series of takeoff 
and landing performaiiee measurements 
was made at Langley. Durini; that year, 
the Navy Bureau of Aeronautics asked 
N’ACA to undertake a comparative study 
of the stability, controllability and maneu- 
vcrabilitv of four airplanes: The \'E-7, the 
MB-3, a British SE-5A, one of the most 
widely used pursuit aircraft in World 
War 1, and the famous Fokker H-N' , the 
mainstay of the German Imperial Air 
Service durint; the same conflict. 

The SE-5 and a De Havilland DH-I had 
joined the I.anpley flight test fleet in 11)22, 
to raise the munlKrr to ses'en aircraft. In 
addition, four more aircraft were lieini? 
refitted for test programs or support work: 
The Fokker 1)-\11, a Nieuport 23, a 
S.P.A.l). \'II, and a He Havilland 1). 


1 . FUkIu rrseareh, 1924; 5 

JN-4H, Fokkrr D-V[», 

,MB-3, Dll-4 and Sperry 
M-1. 

i. Tliomaj- Morse ^^B-3 
joined the LanRlry test 
fli-et in 1921. 


Again the Jenny was u.sed as a test vehicle 
in 11*22 in an extensive investigation of 
maneuverability. The aim was to find a 
satisfactory definition of the word, in an 
aerodynamic .sense, and to e.stablLsh ways 
of measuring it. Before this time, maneu- 
verability was a subjective jtidgment by a 
pilot, full of personal likes and dislikes. 
The same airplane could be judged light 
on the controls and maneuverable by a 
muscular pilot, and heavy on the controls 
and sluggish by a les.ser man. 


WJAU7T 


What was needed was some way of reduc- 
ing subji'ctivity to objectivity, and .\.\G.\ 
pilots and engineei-s at I.angley set about 
finding that way. 

They instnnnented the Jenny to measure 
its angular velocity following a motion of 
its controls, as a first approach to defining 
what maneuverability was. 

Like so much of Langley's pioneering work, 
this early study of maneuverability grew 
into the extensive flight researeh work 
done today on the handling q’ ilities of 
aircraft. The basic approach led dowr 
then is valid now. 

The calibre of the flight-test work being 
done at I.angley began to af.r.ict attention 
from the military' services, in 1923, the 
.Navy’s Bureau of .Neron'iutics came to 
I.angley with a request that the Laboratory' 
nin a series of flight costs in the loyv-spced 
regime on its TS aircraft, a scout aircraft 
developed by Chirtiss. The .Navy' was par- 
ticularly interested in accurate determina- 
tion of tire stalling speed, and the takeolf 
and landing speeds. 

The Army .-Sir Service also was concerned 
with similar questions. The service asked 
.V.\C.\ in 1924 to study the .acceleration, 
control position, angle of attack, ground 
run and airspeed during the takeolf and 
landing of most of the airplanes then in 





scn ice with the AAS. The list incliid'*d the 
Curtiss the Lewis & N'ousht \'E-7; 

the Dc Havilland DH-4B; the Fokker 
XCO-4, the prototype of the C.I\’ two- 
placc biplanes then in service 'vith several 
countries; the .''E-5A; the S.P.A.D. \TI; 
the MB-3; the Martin MB-2, a biplane 
bomber; and the Sperry NIcssenger. 

By then, Langley's flight line sported 1 1 
test aircralt; during 1924 they logged 918 
flights for a total of 297 hr. of flight time. 
The same year, the Army requested a flight 
research investigation of the pressure dis- 
tribution over the wing of a Lewis & 
X'ought \’E-7 tandem trainer. The serviec 
transferred one of the aircraft to Langley 
for the program. 

The \’E-7 soldiered on through other work 
a‘‘ter that test was completed, including a 
landmark program using seven different 
propeller designs, aimed at determining 
the ''Tects of diflerent propeller design on 
performance. 

Those tests, along with tests with a series 
of six interchangeable wings, each with a 
different airfoil section, on a Sperry Mes- 
senger biplane, became the first of many 
NAC.\ comparative tests where a system- 
atic approach was used to develop a better 
installation or to design a better component. 
.Sophistication had come both to flight test- 
ing and wn.<^-tuimcl testing. By mid-1924, 
N’.AC.^ was able to make complete pres- 
sure distribution sur\-eys, cither in the 
wind tunnel or in flight, in one day of 
work. Formerly, such tests had required a 
series of runs over a time period as long as 
two months. 


Later the same year, NACA reported a 
further refinement in flight testing tech- 
niques. Recording instruments had been 
developed, the Committee said, to make a 
continuous record of pressure distribution, 
accelerations, and other parameters during 
flight tests of aircraft. 

During 1925, the flight-test program con- 
tinued (o grow, and there were 19 aircraft 
in various phases of test work at Langley. 
They made a total of 626 flights during the 
year, and logged 243 hr. of flight time. 

An engine research laboratory had been 
started and a dynamometer, to measure 
output and other performance data on air- 
craft engines, had been installed in 1919. 
•Since then i second had been added. 

Both were kept busy, and so were the 
powerplant engineers. Early work on super- 
chargers, investigated at Langley in 1924, 
led to consideration of supercharging to 
boost engine power for high-altitude 
bo.nlrcrs, and to obtain a good rate of 
climl) for interceptors. This engine research 
laboratory later became the nucleus of the 
Lewis Research Center. 

One specific study was made to determine 
the : stability of supercharging to an 

air-ci ‘d engine and its effect on the 
flig'’; performance of the engine. 

Two more pioneering programs were be- 
gun at Langley in 1925. The lirst of these 
was an attempt to standard' ' - ■ id-timncl 
results, a necessars prebr j com- 

parison of data taken f -o. different 
wind-tunnel installatioi . \C. \ engineers 
developed a series of ci.cular discs which 
were tested in the Langley tunnel, and then 
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sent to other wind tunnels for testing under 
the same conditions. The results, \.’hen 
compared, offered a way of checking the 
results of one wind tunnel against another. 
Second of thesj early programs which led 
the way was the beginiiir.g of the measure- 
ment of landing loads, even lo^.^ay a major 
effort at Langley laboratory. But at that 
time, the loads were to be measured on 
seaplane Boats, so that the specifirations 
for the design of float bracing could be 
improved. 

On May 24, 1926, XAC.A held its first 
joint conference with representatives of the 
aircraft manufacturers and operators at 
Langley. It was the first of what was to 
become a recurring event and a great 
N’AC.A tradition: the inspection tour. But 
it went further; it provided the guests with 
an opportunity to criticize current research 
and to suggest new avenues they believed 
promising. 

The second of these conferences, held the 
follow ing year, was expanded to include 
rcpreseinatives of educational institutions 
that taught aeronautical engineering, and 
of trade journals that played such an 
important part in the dissemination of 
aeronautical information. 

This interchange of information betweeu 
industrv’ and \.\CA, always one of the 
major factors in directing the course of the 
Committee's research, has been maintaii i 
over the years since the first formal itiiui 
conference in 1926. 

By that time, the outstanding work of the 
Langley l.aboratorv' had also been recog- 
nized by foreign institutions. Typical of 
that recognition was a request from the 
.Aeronautical Research C^ommittce of Great 
Britain, whicli asked Langley to run a 
seri ' of wind-tunnel tests on three airfoil 
sccti .s, incorporated in wing designs on 
three different aircraft models. The results 
were to be used for comparison with wind- 
tunnel and full-scale flight results previously 
obtained in England. 

One of the more significant developments 
in aeronautical research to grow out 
of the Langley hboratories had its begin- 
ning in r. letter seir from the Navy's Bureau 
of Aeronautics in 1926. The Navy had 
been conviiiccd that the air-i'ooled engine 
was a more practical solution to its power- 
plant problems than the liquid-cooled 
powerplants favored liy the .Anny. But 
Navy engineers were well aware th.nt air- 
cooled installations had more r'rae ant! 
w.sted rnoie power in ctKiling ihe ciigine 
than seemed neces.sary. f he euL'lneers be- 
lieved there was some way to put a stream- 
lined cowling arounu the engine to reduce 



1 . Ford truck, Huck 
starter, and Lewis & 
Vought VE-7, around 
1924. 

2. War booty, tliis 
German Fokker D-VII 
w.ss tested at Langley 
in 1922. 
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its diag and improve its ccx>ling perform- 
ance, and they asked Langley to investigate 
the possibilities. 

A similar request came out of the second 
industr>'-NACA meeting. Industry engi- 
neers, obviously up against the same prol)- 
l«*m the Navy faced, turned to NAC.A for 
help. They asked that the effect of the 
fuselage shape on cooling and cowling also 
be taken into accoum, in addition to the 
effects produced by whatever optimum 
cow’lina shape the laboratory v.as able to 
devise. 

Model work in the one remaining wind 
tunnel — the variable -density tunnel had 
been badly damaged by fire in August 1927 
and was out of action for two years — 
wasn’t the answer. The m'.dels were small, 
and were tested without propellers. Flight 
test would be too costly, and too time- 
consuming, but it looked like the only way- 
possible at the time. 

The final answer was to come from the 
propeller research tunnel, a brand-new piece 
of equipment authorized two years before 
and scheduled to start operation at the end 
of 1927. Originally planned to be able to 
test full-sc?lc propellers under simulated 
flight conditions, the tunnel also was to 
be used for the testing of full-scale fuselages 


or tail surfaces, or of large model wings. 
With its 20-ft. diameter test section, and its 
top wind velocity of 1 10 mph., it was not 
only the largest wind tunnel in the world, 
but also the first in which the major com- 
ponents of a full-sized airplane could be 
tested. 

With the availability of this new research 
tool, I ajigley had come of age. Its first 
teii years of life had been devoted largely 
to exploring and identify ing the problems 
of aeronautics. 

The years had been used to dev’elop the 
organization, to build facilities, to survey 
the industry and the operators of aircraft 
to determine what kinds of problems needed 
solutions. 

Along the way, problems were solved, and 
major 'ontributions were made to the air- 
craft designs of the day. But the major 
contributions of Langley during its first 
ten years of life were made to itself and to 
the National Adv'isory- Committee for 
Aeronautics, to their functioning and 
growth to give them the ability to under- 
stand the pro.blems of flight and to be 
ready to find solutions to them as the need 
for those solutions grew more and more 
pressing. 


ft:' 


Sperry M-1 Messen- 
ger was first full-scale 
airplane tested and one 
of first test programs in 
the propeller research 
tunnel, in mid-1927. 
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The second decade of work at the Langley 
Memorial Aeronautical Ijthoratory began on 
the upsurge of a new wate of popular interest 
in aviation. Lindbergh's historical crossing of 
the Atlantic had touched the imagination of the 
world, and hud converted skepti '' into believers. 
This decade would produce a revolutionary 
cha,ige in the appearance and performance of 
airplanes, firmly establishing their position in 
the growing transportation rutworks of the world 
and guaranteeing their future predominance i.n 
that field. 

In commercial aviation. Transcontinental & 
It'estern Air inaugurated the first coast-to-coast 
through air service in 1930, between New York 
ami Los Angeles. The Boeing 247 and the 
Douglas DC-J, progenitors of long lines of 
transports to come and of years of commercial 
rivalry between the companies, made their first 
flights during l9Xi. The following year, Douglas 
started work on the DC-3, the plane that teas 
to revolutionige air transport. It first flew in 1934. 
That same year. Pan .American siarUd survey 
flights with flying boats across (he Pacific and 
followed with the start of air mail .service from 
San Francisco to Manila. In 1936, the airline 
carried the first passengers on its new trans- 
pacific route. In 193'', Pan .Am and the British 
carrier, Imperial made survey flights 

across the Atlantic, and Pan .Am started the first 
air mail sercia ' ’ tween the I 'nited States and 
New fjealand. 

During the decade, Boeing's Model 299, the 
prototype of its B-17 "Flying Fortres.s" series, 
made its first flight (1935). In Britain, the proto- 
type Hawker “Hurrii one" flew for the first time, 
and the first report on 'adio detection and rar.g- 
ing {radar) was presented to the British .Atr 
Defence Research Comm'ttce. 

Three wa^s, which led to an increased appre- 
ciativ of airpower, erupted during this period. 
Japan began its operations against China in 
1931; Itah declared war on Abyssinia in 1935; 
the Spanish Civil War began in 1936. 

1 he tragic Spanish conflict dnw other nations 
to the fighting within .Spain's borders, and gave 
them the opportunity to test and develop new 
weapons and concepts. Guernica, 'he seat of the 
Basque government, was bombed i,nd devastated 
by German aircraft in a demonstratiin of things 
to come. 


The decade saw the death of the dirigible fol- 
lowing a series if tragii accidents to the British 
R-101, the U. S. .Yavy's .Akron and .Macon, 
and the German Ifindenburg. 

Some of the most radical developments of the ten 
years took place in j»t propu'sion. The year 1928 
saw the first rocket-pmvered glider flight made in 
Germany, and the putlication of a fundamental 
paper on jet propulsion by Frank Whittle. Niru 
years later, his first engine i-'i.s run. The Rus- 
sians published the first volume of a nine-volume 
encyclopedia on interplanetary flight that year. 

In 1929, the first known use of jet-assisted take- 
off was successfully demonstrated in Germany. 

The following year, the German I'erein fuer 
Raumschiffahrt established a 'est site in Berlin, 
and the German .“Irmv Ordnance Corps organized 
its rocket weapon program and moved it into a 
test station at Kummersdorf. 

Static tests of a Heinkel He-112, converted to 
be flown with an auxiliary rocket imgine, were 
made in mid- 1935, and the airplane made its 
first successful test flight early in 1937. It s 
the forerunner of later German developments in 
rocket-potvered fighters. 

In 1937, German .Army Ordnance opened its 
rocket development station at Peenemurur. In 
Russia, three rocket test centers were established 
near .Moscow, Leningrad, and Kazan. 

I i.e biplane was the standard design when 

Ixmgley .Memorial Aeronautical Lab- 
'•ratory started its .second decade of life. The 
.Army .Air Corps' newest bomber was the Curtiss 
"Condor", a twin-engined biplane with fixed 
landing gear, strut bracing, open cockpit and a 
biplane tail assembly. Its hotte.st fighter was 
another Curtiss product, the P-1 series, progeni- 
tor of a long line of CurOis "H.iwks." It too 
was a biplane, with strut bracing, fixed landing 
gear, and a liquid-cooled engine. 

The commercial airways were served by the tri- 
motored monoplane Fords, an all-metal hign- 
winged design, the Boeing 80 biplanes, also tri- 
motored, and various single-engined designs stu b 
as the Fokker I'nivenal. 

In most of the commercial and military designs, 
the basic airplane was a .strut-braced and w ire- 
braced biplane, built of wood or .steel tubing, and 
covered with fabric. Its landing gear was fixed; 
its engine, if aircooled, was uncotvled. 7 he pro- 
peller was a fixed-piic’' type. I he monoplane 


II 


iJfsign fiaJ hffti fxlMisMt hit in most in~ 
itani ft at a tliut-hoi fii favmt. tit ihtigwn 
unsuff of tht fiToblemt of Jluttfr and atto- 
fluslicity. 

By Ikf end of this yeiond deeade, the bifihine tvaf 
almost (li dead as the dodo. .Military and lom- 
meri ial era/t were internally hated, mstrutted 
monoplanes, with deekly eotvled engines, retrot - 
tible landing gear, and u-tng Jlapt. the design 
revolmio i of the etiily liPStts had hm sparked by 
deceit'. ‘meats at Langley. 


Tl.r pntp<‘IU'r irst-arch tmmrl. wlitch l>esaii 
0 |XTalin(; in 1927 ai ihc end of l.an^lcy's 
first dcc.idi*, l)Ojan to pay otV its im-rstmeut 
in thr cailii'st years of tfu- sitrond tUi'adr. 
For the first time, an aeronautical lalwra- 
tor\‘ had a research wind tnimel lvij» enough, 
and versatile enough, to test fiill-si/e air- 
craft conipmients. There \v;w an additional 
iKMiefii; the scale of testing was physically 
lait;e enonqh so that tinv components, 
which woidd haw Ihh'o nearly invisible on 
the small witui tunnel mtKlels pn'vionsly 
nsetl, could Ik- evalnatetf. This was to make 
|Htssil>le a vvhtile new world of test studies 
that would result in detailed refinement of 
many aircr.ift t a come. 

The first prot;ram in the propeller research 
tunnel u-as directed toward the pn>l)lein.s 
statixl l>y the .Navy and industry earlier; 

The reduction in drat: and impixwement in 
coolim* elliciencv of an air-cixiled enijine. 
The rcMilt, after systematic wind tunnel 
testini*. was the construction and installa- 
tion of an N.-\t'.\-<lesii;ned cowlinc; on a 
C'nrtiss \T-5.\ advance trainer of the .-Vriny 
.-\ir Coqis. The N.\C.\ .-\nnual Report for 
192ff s;tid that . . the maximum speed 
w.as inca-ased from I IK to 137 mph. This 
is equivalent tti providini; approximately 
K3 additional horsejtower without addi- 


tional weitjht or cost of cnitiiie, fuel con- 
sumption, or weiciht of structure. This 
single contribution will a-pay the cost of 
the IVjpeller Reseaivh Tunnel many 
times.” 

The VVrinht R 790- 1 air-cooled enipne which 
po\vt‘a-d thr .\T-3.\ was rated at only 220 
lip. The additional efiuivalent of 83 Up. 
was a stasiijerini; boost in available einpnc 
pmver, or an equally stai;i>erini; a-duction 
in eiHjine tlrat;, dependintt on the viewjioint 
trf the designer. 

N.\C.\ rcccivtxl the 1929 Collier Trophy 
awaid for the development of the cowlini;. 
The Fropliy, an annual award for the 
ga'alest achievement itt aviation in t!ie 
I'nited States, was presented in 1930 to 
Ur. Joseph ,S. .Xtiu's, then NAC.\ Chainnan, 
by Pa*sident llerlH-rt Hoover. 

The desiitn revolution had licuun. The 
.\.\C.\ eowlinn was to liecoine the standard 
enelosna- for aii--cooled radiuls, and was 
to 1h- c intinually a-vised and improved in 
the fu'.ua’. The dramatic reduction in cool- 
ini; drac produced by the cmvlini; 1 xl 
desit; ners to ask for, and N.-\C.-\ to ixik 
for, other areas where drau could lie ledueed 
snixstantially. 

t )ne oln ious source of drat; was the fi.xed 
landin^ i;ear. loni; recoynizid as a prime 
producer of built-in headwinds. The .'N(>erTy 
Messcniter teas testid in the propeller re- 
seairh tunnel, and its fixed landini; Rear 
was found to account for nearly -Ul (H-rcent 
of the total aiqilane drai;. The.se measure- 
ments weir the first to pinpoint the exact 
amount of drai; caused by tlie landini; i;ear, 
and the first to show the [■K'lfonuanee 
penalty incnmxl by not retraetini; the 
near. 

^ « 

•Still worktni; in the interests of drai; re- 
duction. N.\(,'.\ engineers liHiI.ed at a tri- 


I. .\rim’ (Tiiriw* 
was lirst tin i.inr liltnt 
will) N... „\ emvlini;: 

’.a .dev mrl.il work- 
i-rs fatiric.ilrtf X.\0.\ 
cow liiuis for c.ii’lv Imi 
irLUalfjliitn.i. 




motorfd KokkiT tran^iport |Ki\v.-«'d by 
Wrinht J-3 Whirlwind powcrplanis. ('owl- 
in*; tlu'sr i imiiu's. ihrv rrasoinil, .-•luuild 
mako a stil>stanlial iinpi'o\i'ni<'ni in tlu- 
pcrfonnancr of ’n* air|)laiic. But it didn't. 
ai*d they lH'i;an to wonder why. 

The woiulerins let! to the belief that ina\lK' 
the awkward (nnveqtlant installation had 
somethin*; to do with it. The standard 
de$ii;n of the fH'riixl was to svipport the 
etunnes alwve or Ih-Iow the wing on a 
Si. m*ti structure. w hos*‘ dimensions werr‘ 
detennineil l>\ e\e rather than hy any 
aenxlvnaniie considerations. 

.Studies in the propeller research tunnel 
soon showed there was an optiimiin posi- 
tion for engine nacelles, and it wasn't 
aliove or Ik>1ow the wing. The optinr.ini 
was for the nacelle to Ir’ fain-d into the 
leading edge of the wing; the iniprov enient 
again was inarketl. 

Meantime, N.\('..\ had U-en coiuhicting 
systematic investig.ilnuis of propellers, of 
airfoil sections, of higii-lift tlevic'-s, of inter- 
ference dt'.ig iR'twivn fusr’l.ige and wing, 
or fuselage and tail. \\ ing fillets wi-n' tle- 
velo|jetl. and reported in a Technical 
Note. Even the tlrtc »)f small fittings, such 
as a protruding ga.soline tank filler c.ip, 
could he measnretl and its effect on 
pcrfonnance a.ssessrxl. 

The quiet res'ohition w'as well nndenvas. 
For the first time, designers could hnild a 
"clean" airplane, cotild estimate its drag 


and performance more acciirately, and 
could understand the (lossihility of a small 
change causing a major increiueiu in 
|H‘rformance. 

The availability of the cowling, 

Pvo|r !1< rs of inm*ased efliciency, more 
efficient airfoils, w ing fillets, and knowltxlge 
of the mechanism of drag led directly to 
the change in design from the stnitted 
biplane to the sleek monoplane 
No longer could a designer argue that it 
w.a.sn't worth the weight and complexity 
to retract the landing gear fin- those few 
miles per hovir. The aerodvnamicists *.ould 
tell him that tluise miles per hour weren't 
few, and that retracting the gear could 
mean the dilference K'tween winning and 
losing a eontr.act. 

Even kifore the \.\C.-\ cowling h.id been 
completely thwelopcd in the propeller re- 
■search tunnel. .V\C.\ realized that a full- 
scale tunnel would Ik* a necessity. .\iq)lanes 
would lie bigger than the llO-ft. throat test 
section of the PRT, and the wort oad of 
full-scale aii-jilane testing w as lioiind to 
increase as soon as industrv and the mili- 
tar\- realized the advantages of such test 
tvork. 

Tb*‘ nml for the full-scale ttumel was first 
ontliiuxl in a letter fnmi Dr. .Ames to the 
Dir*“ctor of the Bureau of the Biidgei. 
(\instmction liegan in (anuarx-, l!'30. and 
the tunnel was oflicialb dwlirated at the 
sixth annual conference in Mav. 1**31. 




I. l-umW's vjiiablr- 
drnsity lun>.rl. damaitrti 
by lire in \»;>s 
('holographed in March, 
when Ce»is l>ei;.-in 
.iKain. 

2. MiUlar\' airrrafi of Ihe 
decade, 5hown durini; 
tests in the full-sc.de 
liinnel al l-angiry: 
H*>einit P'V-!> of 1925. 


5. Vouglii 
in 1951 Ihe lirsi com- 
plete airplane to lie 
tested in the fult-sc.ile 







[ Other rrsoairh facilitu"* at Lanijliy ijrew 
out of specific needs. .Some rrseaich work 
had Lufii done in l‘J27 on the presemion 
of aircraft icing l)v thennal systems, but 
t the study had been completed without 

further .action. Early in 1928, the Assistant 
Secrctar>' of Commerce for Aeronautics 
called a conference of military and govern- 
ment agencies, including \AC.^, to study 
i the causes and pre\'ention of ice fonnation 
on aircraft. few days earlier, the \avy s 
Bureau of Aeronautics, frequently a pioneer 
f in defining a proldcni area, had asked 
f NAC.-K to determine the conditions under 
which ice forms on an aircraft, and to 
des'elop some means of prevention. 

The result was .N^\C.^’s first refrigerated 
^ wind tunnel, which Itegan operations dur- 
ing 1928. Its aim was to sividy ice fonaa- 
tion and pres'ention on wings and propel- 
lers of aircraft, and its tests pointed the 
^ way toward the successful des elopincnt 
, of schemes to prevent, or remove, ice 
I accretions. 

These studies grew into a major effort that 
later won another Collier Trophy for an 
N.AC.-X scientist. Lewis Rodert, who 




liegan his N.\C.\ career at Langley, on 
the 1948 trophv “for his pioneering re- 
search and guidance in the dcvelopmei t 
and practical application of a thermal 
ice-prevention syssem for aircraft.” 

Rodert conducted most of his basic research 
from 1 93(> to 1 940, dunng which time he 
was in the Flight Research Division of 
Langley. He transferred to the .Ames lalmr- 
atory in t‘M0, and was Chief of Flight 
Research at the Lewis lalmratoiy when he 
won the Collier Trophy. 

In 1928, the Anny’s experimental flight- 
tt'st facility at Wright Field had Ix^un ,» 
series of tests to determine the spin charac- 
teristics of aircraft. Two years later, Langles 
had started to operate a free-spin wind 
tunnel, in which models could lie spun in 
a manner simulating the dynamics of full- 
scale, free Bight. 

This led to the con-st ruction of a larger 
spin tunnel, with a 15-fool throat anJ ad- 
justable airflow velocity so that the .nodel 
could Ik- held at one po.ation in th • throat 
and obscr\'ed visually from outsidr the 
tunnel. 

The success of this type of wind tunnel led 
.\.\C.A diiectly to the more complex free- 
llight tunnel, a major resear .h tuv#i which 
has given birth to a range '' t- st techniques 
used with models of today's aircraft. 

The first of Langley's hydroclynamics test 
tanks was complet'd in 1931, to sciat the 
rcseaiTh needs oi the seaplane and am- 
phibiuus airplane designers. The wind 
tunnels wr.ild provide aerodynamic Ixr- 
h.ivior ri the aircraft; the test tanks would 
analv/e the In-havior of nuxlels on the 
w ater in an analogous manner. 

The tank was 2.1.KH.) ft. long, although later 
exiendt-d to 2,!HK) ft., and was used pri- 
maril\- to determiiie the performance char- 
acteristics of hull shapes. By towing the 
nuxlel hull timmgh the water from a stand- 
ing start to a simulated takeoff .speed, 
Langley scientists could detenuine the 
hydrixlvna.nic performance of the hull and 
suggest changes or improvements in the 
basic de.sign. 

The tow tank was used also for systematic 
developir.ent <)f families of hull shapes. In 
later years, a secoiul tank, 1.81K1 ft. long, 
WMS built. In that tank, .simulated forced 
landings on water would be done with 
landplane nuxlels, and still later the Mer- 
curs , Ciemini and .\pollo water-landing 
techniques would be checked out using 
the same tank. 

.•\t the time when airplanes were routinely 
logging speeds of less than 2IMI mph., 
was l(H)king alieatl to the future where 


speeds up to 500 mph. might be possible. 
Late in 1 933, NACA outlined its needs for 
a 500-mph. wind tunnel, called then the 
“full-speed” tunnel, and estimated its cost 
at under a half million dollars in a letter 
to the Federal Emergency Administration 
of Public Works. Construction of the tun- 
nel was completed in March, 1936, and it 
began operations in September that year. 
Its test section had an eight-foot diameter, 
enough to investigate large models of air- 
craft and some full-scale components. 

The eight-foot tunnel was to become a 
pioneering tunnel in high-speed aero- 
dynamic research in this country, and was 
to be the foundation of the future structure 
of Langley's brilliant work in the high 
subsonic speed range and on into the 
mysteries of the transonic region. 

Other pioneering facilities were designed 
and started during this second decade. 

The 1 9-foot pressure tunnel construction 
contract was awa.ded early in 1937, and 
late that year the first low-turbulence wind 
tunnel entered construction. 

The 19-ft. tunnel was a leader in propeller 
research, because it could test a full-scale 
propeller in a close approximation of 
operating range. 

The low-turbulence tunnel was to become 
the source of the low-drag (laminar 

How) airfoil. 

Still closely coordinated with the aero- 
dynamic work at Langley was the joli of 
flight research. .A new kind of aircraft 
called an autogyro had been flown in the 
United States for the first time in 1928. 
This was the first departure from the fixed 
wings of the basic Wright brothers design, 
a radical approach providing lift by using 
rotating wings. 

During 1931, Langley bought a Pitcairn 
PC.^-2 autogyro and started its work on 
rotary -w'ing aircraft. The PCA-2 was in- 
strumented and test-flown. Its rotor was 
tested in the full-.scale wind tunnel foi 
correlation between tunnel and flight tests. 


and a model of its rotor was tested in the 
propeller research tunnel to determine 
scale effects. A camera was mounted on the 
hub of the rotor to photograph the blade 
behavior during flight. 

The flight tests of the PCA-2 included some 
measurements during severe maneuvers, 
with results still applicable to the fast- 
moving helicopters of today. That particu- 
lar autogyro had a fixed wing surface to 
carr\' some of the weight of the airerttft in 
normal forward flight. The flight tests 
made at Langley included some work in 
which the incidence of the wing w’as varied, 
so that it carried a different proportion of 
the aircraft weight in each of a series of 
tests. These exocriments indicated some of 
the problems faced today by designers of 
high-speed helicopters, who want to unload 
the rotor by using a fixed or variable wing 
surface to generate additional lift. 

This was the first major project accom- 
plished by the rotar\'-wing research group, 
a small unit w'hich has been maintained 
throughout the years to specialize in the 
problems cf rotar)’-wing systems. 

Flight research was maturing rapidly. Dur- 
ing 1931, a landmark report was published. 
NAC-A. Technical Report 369, titled, 
“Maneuverability Investigation of the 
F6C-3 Airplane with Special Flight Instru- 
ments”, was the first published report 
which dealt with the handling qualities of 
aircraft, a task that has occupied many 
of the Langley and other NACA /NASA 
personnel to this day. 

In 1932, the flight research laboratory' was 
officially opened. It was a separate area, 
with hangar space for aircraft, its own 
repair shop, and office spaec for the staff. 

During 1933, the forerunners of two great 
families of airliners first flew: The Boeing 
247 and the Douglas DC-1. Both were 
radical departures from their predecessors; 
both were all-metal, low-winged craft, 
with cowled, air-cooled engines and re- 
tractable landing gear. They had two 


BccinR XBFB-! of 1934, 
last of the fixed landing- 
gear military aircraft. 
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iiKifiid of thi' more-common tri- 
iooioH'rt an.m'^emem. With l)Oth engines 
oporatiiii:, jn '.fomiarice was outstanding. 

Blit if tile engine failed, the available power 
was halved, instead of being reduced only 
by a third. 

The engine-out situation became a primary 
concern of industry, and Langley was a.sked 
in mid-1935 -six months before the l>onglas 
l>C-3 first flew to evaluate the handling 
and control characteristics of a twin-en- 
gined airplane with one engine inoperable. 
Tl'e program had lieen suggested by the 
Oouglas .Aircraft Co. 

Other research paralleled the aerodynamics 
and flight work. .-\ new engine lab had 
been opened in 193+, and began to play an 
important part in powerplant development. 
Part of the workload was directed looard 
solution of e.xisting problems, generally 
associated with the cooling of air-cooled 
engines. 

But .some of the research was aimed at find- 
ing out the fundamentals of the internal 
conilnistion engine, a type of powerplant 
that had been operating for \eai-s without 
any real understanding of what went on 
inside its cylinders. 

.NAC.A wanted to find out, and initiated a 
series of research progra.ns on the fiinda- 
ni'Mitals of fuel ignition anti bin ning. Goose 
down was used to show the air How patterns 
of air and mixed gases inside a cylinder, 
and the motions were stopped bv high- 
speed cameras developed at Langley. 
Research on aircraft stnteinres was the 
province of a liandfnl of engineers at Lang- 
ley. Yet out of the very early years grew a 
(imgram that is still active ttxlay, and a 
basic research instnmiem that is installed 
on fleets of miliiars and civilian aircraft 
flying at this nunneiu. It started as a 
re-order, tj measure the vertical aceelera- 
tions experienced li\ aii airfilane living in 
rough air, riie aim vvas a simple one: To 
gather statistical data about air turbulence. 


I its frequency and intensity, and from that 
I data, to evolve criteria for desififn of aircraft. 

I Today, a sophisticated form of recorder is 
I installed in aircraft of all types and sizes 
I and performance capabilities, from single- 
I engined private planes to the eight-engined 

i jet bombers of Strategic Air Command. 

The wealth of data is analyzed by com- 
puter techniques, and continues to expand 
I the range of man’s understanding of the 
I phenomena of flight. 

I By the end of the second decade, the design 
of aircraft had changed for all time. The 
all-metal, low-winged transport ruled the 
I airlanes, and its sister ships made up the 
I bulk of the military air fleets. 

One of the newest military craft was the 

i Boeing Model 299, prototype of the B-17 
“Flying Fortress” series, which had flown 
in mid-1935. In its early flights it surpassed 
i predictions and expectations, and Boeing 
I went on record with a letter to NACA 
' which said, in j>art: 

I “You may recall sending us, some time 
I ago, the data vs hich you had obtained on 
I the so-called ‘balanced flap’. It appeared 
^ to give such promising results that we 
t decided to use it on ovir model 299 bomber. 

f" 

* “We were also much gratified to find that 
? the NACA symmetrical airfoil lived up to 
our expectations. It appears that in addi- 
tion to the effectiveness of the flap, the 
j ailerons are more eflTcctive, for a given area, 
I than with the conv'entional airfoil. 

? “So, with the use of the NACA cowl in 
I addition, it appears your organization can 
I claim a consideralilc share in the success of 
I this particul?!- design. And wc hope that 
a you will continue to send us your 'hot 
1 dope’ from time to time. ^Ve lean rather 
i heavily on the Committee for help in 
§ improving our work.” 

1 But in spite of the enthusiasm of such en- 
J dorsements of the work and contribui. ms 
g of NACA, a nagging feeling had persisted 
g that more could be done. The possibility 


existed that other countries were making 
more positive contributions to their aero- 
nautical industries than NAC.^ was making 
to the inJustr)- of the United States. 

The scientific challenge to the aei ; 'nautical 
research supremacy of the United States 
hac been recognized and was voiced 
strongly in the 193i Annual Report of the 
Cc'inmittee to the Congress and the Presi- 
dent of the United States. The report e.\- 
p'ained that, up until 1932, the laboratories 
at Langley were unique in the world, and 
were one of the chief reasons that this 
country was the technical leader in aviation. 

But since then, much of that equipment 
had been duplicated abroad and, in some 
cases, had been bettered so that Langley's 
equipment was no longer the best. 

The report went on: “This condition has 
impressed the Committee with the advisa- 
bility of providing additional facilities 
promptly as needed for the study of prob- 
lems that are necessary' to be solved, in 
order that American aircraft development, 
both military and commercial, will not fall 
behind.” 

For some tinie, the warning went unheeded; 
Langley and NACA continued to work 
under pressure, making do with facilities 
and equipment that were beginning to show 
their age. There was no particular reason 
to improve the laboratories, no overw helm- 
ing prol)lein that couldn't be hanoled in 
the ordinary routine of .NACA's working 
day. In a way, the attitude reflected the 
general American view toward all world 
problems, not just the specific problem of 
maintaining aeronautical leadership. 

The war in Europe was far away; this 
eountry was f -ginning to pul! out of the 
crushing depression of the early part of the 
decade. Things looked reasonably good, 
and who reallv cared if foreign scientists 
were testing i-ocket motors or developing 
dive boml)cr.s’ What dilference did a 
supersonic wind tunnel in Italy make? 
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1938-1947 

World War ll dominated the third decade of 
l/mgley's work. It broke out in September 1939, 
and before it was concluded officially in Septem- 
ber, 1945, the shape of aira aft had been 
changed again. 

A handful of technical developments caused thif 
second revolution in aircraft design. Sweepback, 
an aerodynamic innovation discovered almost 
simultareously by several investigators, teas ex- 
ploited in advanced fighter and bomber projects 
by German engineers. 

Jet prop„. ion, another example of parallel dis- 
covery and development, made great strides dur- 
ing the war. The fast aircraft powered by a 
fir' turbojet was flown in Germany on August 27, 

•; * 1959; both Germany and Britain had operational 

, ! jet-propelled fighters before the war ended. 

■ I Rocket development wos paced by the demands of 
> , war. The first German l’-2 (A4) ballistic mis- 
sile was fired unsuccessfully twice in 19(2 before 
its first successful launching in October i hat year. 

- ' It was to become 'perational as a field weapon 
i less than two years later, only a few months 
, ' aftet the pulse-jet powered V-1 Hying bomb was 
\ J used to bomb London. 

Guided missile wafare started in August 1943 
; with the German use of radio-controlled rocket- 
powered glide b mbs against ships. 

‘ i Nuclear weapons were conceived, developed, tested 
I and used operationally during World War II, 
culminating in the bombs drop' td on Hiroshima 
and .Nagasaki. 

* Missiles as defense weapons received their first 
impetus when Project Nike was enginated in 
February 194.% to strike ct high-altitude, high- 
speed bombers that would be coming into service. 
The destruction of war gave way to the pursuit 
' of more peace] ul aims in aviation after the sur- 
renders in 1943. Landplane speed recoids were 
shattered, first by the British who moved the 
I mark over the 600-mph. point with Gioster 
Meteors basically the same as those used opera- 
tionally by the Royal Air Force near the end of 
the war. 

Passenger service across the Atlantic had begun 
in 1939 by Pan .imerican. A little wore than 
' seven years later, the British De Havilland ,4ir- 

craft Co. received an order to build two proto- 
types of a four-jet passenger-carrying aircraft 
which would become the Comet, the world's first 
jet transport to enter scheduled service. 

M-*:inV*r -* i-' iT'iW''^ il'iTi'^rrii— 1«* II fciiniri- I rTi I I |-|I Ifr l■lll T I rwr 


The first of the research aircraft. Bell's rocket- 
propelled X-1, had been conce ved and designed 
during tin war. It made its first powereu flight 
in December, 1946, and in October, 1947, Air 
Force Capt. Charles E. Yeager flew it through 
the speed of sound for the first time and pioneered 
the way into the age of supersonic flight. 

The month before, a serious research report issued 
by the Rand Corporation stated that man-made 
satellites of the earth were completely feasible. 
Others had said essentially the same thing before, 
but they had been regarded as visionaries at best, 
and as ,rackpots at worst. The Rand Corpora- 
tion was operating underfunds allocated by the 
U. S. government, and had made the S' 1y 
specifically for the new Depa.tment of Defense. 
The pronouncement had to be taken seriously, .rna 
it was, after the initial speculation by enthusiasts 
who saw snpermc ':ets in the sky, giant lenses to 
burn the enemy, launching site: for atomic bombs, 
and a host of horrible possibilities in what was 
essentially a simple statement that certain tech- 
nology now appeared to be available. 

The earth satellite was not to be for this decade, 
but the Rand report was a benchmark in man's 
measur.d tread to the stars. Now there was hope 
that the technology of war could be turned to the 
peaceful development of space. 
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Cl'-'imman XF4F-;> 
prot' pr uas tested in 
the I^nittev full-scale 
tunnel late in I'.* 19; 
pmducliun models, 
moJilied b>' l,ani'!e> 
tests, were F4F-4 "\N ild- 
cats", (ightcr mainstav 
of the U. S. Na\>' early 
in World War 2. 



An cxperimcptaJ N'avy fighter airplane, the 
Brewster XF2A-1, was delivered to Langley 
in April, 1 938, for tests in the full-scale 
wind tunnel. Systematically, Langley engi- 
neers measured the drag of the airplane 
and of individual par's: Exhaust stacks, 
landing gear, machine-gitn installation and 
the external gi>n sight. When they reported 
the results of the tests, they concluded that 
the top speed of the airplane could be in- 
creased by 31 mph., more than a ten 
picrcent improvement in perfonnance. 

This landmark test was the first in a long 
series of clcan-up programs perfonned for 
the Anny Air Corps and the Navy Bureau 
of Aeronautics. The success of the test pro- 
gram established the technique as standard 
for Ijoth the Anny and .Nasy, and produced 
useful design data applied to future airplane 
projc':ts. 

By October 1 940, 1 1 different airplanes had 
l)cen tested in the full-scale tunnel, in a 
clean-up proeram of unprecedented pro- 
portion. A summary' of the tests was 
published that month as an \.\CA Ad- 
vanced Confidential Report, to Ite circulated 
only to industry and the military. The con- 
clusion stated I'-nt “. . . the drag of many 
of th( airpla.: as decreased 30 to 40 

percent by removal or refairing of inefii- 
ciently designed components. In one case 
thr drag was halved by this process. Em- 
phasis on correct detail design appears at 
present to provide greater immediate possi- 


bilities for increased high speeds than 
improved design of the basic elements.” 

The implication of the report was clear. 
Insufficient attention to detail design was 
causing major performance losses. It did no 
good to build a clean wing, with low drag 
characteristics, if the wing was dirtied by a 
machine-gun installation that protruded at 
a critical juncture. The machine-gun in- 
stallation was necessary; but so was maxi- 
mum performance of the airplane. As a 
by-product of these tests, designers l>egan 
to real ze that airplane design had to be a 
compromise between the theoretical ideals 
of the aerodynamicist’s dream and the 
practical values of operational requirements. 
.-\s the clean-up program grew, so did other 
programs at Langley. The pressure was on, 
higher than ever, and in 1 938 the Annual 
Report again cited the tieed for additional 
facilities. Structural research, the Committee 
warned In a letter to the Congress, pro- 
duced the greatest single need for new 
additional equipment because of increases 
in size and speed of aircraft. Further, said 
the Committee, the interests of safety and 
of progress in aeronautics demanded that 
the structures facilities l>e added at the 
earliest possible date. 

In October, 1938. a Spccml Committee of 
■\.\C.\ was appointed to study the need 
for facilities and to make recommendations. 
The Committee’s December report urged 
the immediate cstablishtnent of another 





iTsearch laboraton* at Siiiinwale, Califor- 
nia, plus the augmentation of the Langley 
facilities by a structures research laiiorators' 
and a stability wind tunnel. 

Congress finally authorized the Sunnyvale 
station in Augxist, 1939, just days before 
war broke out. W'ith Europe starting to 
bum, ground was broken for the new 
laboratory at Moffett Field, Sunnys’ale. 

A second Special Committee, headed by 
Charles A. Lind^rergh, was appointed fol- 
^ lowing the outbr.*ak of war, and within a 
i few weeks turned in a report strongly 
» recommending a third research center for 
; powerplattt work. The report .said that 
there was a serious lack of engine research 
j facilities in the United States, “.^t the 
’ present time. .American facilities for re- 
search on aircraft powerplauts arc inade- 
quate and cannot be compared with the 
facilities for research in other fields of 
.;viation.’' 

By mid-iS'.v, Congress had authorized a 
new powerplant rescaref’ Tac'litv. Earlier 
; in 1939. money had iKcn requesioa '*•« on 
extension of the facilities at Langley as 
part of a supplemental budgetary request 
which included funds for the Sunnyvale 
lab. In November. I.angley was authorized 
to take o\ er additional acreage at Langley 
Field as the site for a new 16-foot high- 
speed wind tunnel, the stability tunnel, the 
stnictures lalwratory. and supporting 
facilities. 

The stnictures laboratory was completed in 
OctolKr, 1940. and the staliilitv wind tun- 
nel in January. l'.H2. along wiih a .second 
towing tank for seaplane doveiopment. and 
an impact b.tsin wheiv hull lo.ads could be 
measured during simula.tcd water landings. 

During 1941. both the low-turbulence pres- 
sure tunnel and the 16-fixJt high-speed 
tunnel became opentional in wartime ex- 
pansion. Langley capabilities had to increase 
at the same time that it w.as losing stall' 
members to help organize and operate the 
new station at Sunnyvale, now named the 
.Ames Reseaich Center after Joseph S. 

.Ame.s, N.\C,\ Chairman for 20 years. 

With this exodus hardly out of the way, a 
second began. Congicss had authorized the 
construction of the engine re.searoh labora- 
tory in uiid-1940, at a site near the Cleve- 
land. Ohio, municipal airport. The new 
laborators’ was to be geared soiely to the 
problems of power generation and propul- 
sion, from the fundamental physics of cont- 
bustion to the flight-testing, in instrumented 
aircraft, of complete powerplant installation!!. 
Personnel for the new center at Cleveland 
also were drawn from I.anglev laboratory 


staffs. Some idea of the magnitude of the 
staffing problem can be gained by com- 
paring employment figures at Langley 
before and at the end of the war. In 1939, 
before the expan.sion moves, Langley had 
524 people on its rolls, of which 204 w>ere 
professional people. At the end of the war, 
more than 3,200 were employed at Langley. 
During this third decade, the primary job 
at Langley was to refine the basic airplane 
that its earlier researoiies had made pos- 
sible. The propeller-driven, all-metal air- 
plane with a low wing, cowled engines, 
retractable landing gear, and flaps needed 
refinement. Engine power was on the rise, 
and corresponding improvements in air- 
plane perfonuance were possible. But the 
airplane had to lx- designed carefully, 
especially in detail, if maximum advantage 
was to Ik* gained. 

The drag tests on the Brcw«tcT XF2.A-1 
pointed the way. .At first in routine pro- 
grams, and later under the pressures of 
wartime demands, airplane alter airplane 
went through the Langley tunnels, through 
:h“ flight research department lalwratory, 
into liic rpu. t'umcl, in model and full-size 
fonn, until all th.u cp>>;J Ue known altout 
the aiqdanc was measured am! r“;>o;t-d. 

At one time in July UH4, 78 different 
models of airplanes were Ix’ing investigated 
by N.AC..A. most of them at Langley. 

Spin tests were made in the Langley free- 
spinning tunnel on 120 different aiiplane 
models. The atmospheric wind tunnel crows 
tested 36 .Army and Navv aircraft in de- 
tailed studies of s "ty, control, and 
performance. 

From these tests came a wealth of data, 
first for the corrrotiou of existing problems, 
and second for the designers' handbooks. 
These tests were l)acked by theoretical 
investigations and expcrimcnt.al programs 
that developed airplane components to the 
highe.st degree attainable at the time. .As 
one example, in June 1938. Langley's low- 
t!trbulcnce ttumel began tests of an airfoil 
whose contours differed from earlier de- 
signs. The point of maxinnnn thicknc.ss 
w.as farther aft. and the trailing portion of 
the airfoil showed an idd reflexed form. 

The me.asurod drag was ;ibout half of the 
lowest ever ixx'onhd for .in airfoil of the 
.same percent.igc thickues.s, and the investi- 
gation became thest.irting (>oint of Langley's 
development of a series of low -rlrag airfoils. 
I.C.SS than two years later, the Briti.sh were 
to give .North .American .Aviation 12t) days 
to come ttp with a tighter prototype that 
met their requirements. The lighter becaiuc 
the famed I’-;', ’'Mustang", after consider- 
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able development. It was one of the first 
fighters to use an NACA low-drag airfoil, 
developed at Langley as part of the overall 
family of laminar-flow airfoils. 

Flight research work on a variety of air- 
planes began to build a backlog of corre- 
lated experiences on the flying and handling 
qualities of airplanes. Early pioneering 
work at Langley had given pilots a new 
appreciation of flying qualities, and the 
wartime tests sharpened that appreciation. 
As performances increased, so did some of 
the flight problems. Again using the sys- 
tematic approach, Langley pilots and engi- 
neers developed mcasu-able handling and 
flying qualities for aircraft, ai. J further 
defined them in terms of wind-tunnel 
measurements. 

After 19 airplanes had Ijcen systematically- 
tested in flight, Langley engineers prepared 
a summary report on the group. The report 
included suggestions for minimum criteria 
to define a “good" aircraft from the view- 
point of >is handling characteristics. 

That report became the foundation of the 
extensive work to be done later by NACA, 
the military services and industry. Also, it 
\>. as a spur to the writing of a military 
specification on handling qualities, the first 
such to be written in this country. 

Other work at Langley during the wartime 
period included an extensive study of wing 
pianform shapes and their effects on the 
stalling characteristics of an aiiplane. 

\ ariations in taper and thickness ratio, 
swecpback .ind twist, were investigated in 
wind tunnels. 

.\ircraft loads in tiianeuvering flight, still 
somewhat of a mystery, were studied in 
flight, in the wind tunncLs, and by theory. 
Changes in stability and control due to 
engine pcwri, a-’other misunderstood flight 
phenomenon, were del::’e.tt, d >n flight test 
and in the Langley tunnels. 

The .N’.AC.-X cowling was refined further 
for a higher speed range. .\ special flush- 
riveting technique was developed to reduce 
the parasite drag of aiiplanes. 

One pursuit plane was plagued by a series 
of in-hight tail failures. Langley engineers 
isolated the problem, helped sugi ■‘•t a 
solution. The plan-! went on to be one of 
the fondly reinembereil lighters of World 
War 2. 

.•\nother .Army pursuit developed a “ttick". 
a tendency to steepen Its dive until it 
“tucked" past the vertieal into a partially 
invert;.*d attitude, and trouble began. Wind 
tu incl tests at Langley in the eight-foot 
high-speed tunnel, and by the manufac- 
ttirer, unearthed the prol)lem. Langley 
suggestec! the dive-recovery flap, ba.sed 


partly on that experience and partly on 
some earlier test work authorized to 
develop a dive brake for airplanes. 
Over-the-water combat flights, and the 
numbers of crews lost in ditching on the 
water, quickened interest in a way of 
getting ail airplane safely onto the water’s 
surface. Langley's hydrodynamics test 
facilities were turned to a high-priority 
program of testing scale models in simu- 
lated water landings and recording their 
behavior in motion pictures. 

'>ne of the aircraft couldn't have been 
more poorly designed for landings on water. 
Belly intakes, bomb-bay doors, or wheel 
wells scooped up water and served to 
somersault the airplane. They sank, 
inverted. 

The answer was to develop some kind of 
a ditching flap that would counter the 
effect of the scoops and bays and wells. 
Langley work produced such a flap, but it 
was never usixl on any aircraft. The pro- 
duction changes were regarded as too 
extensive. 

An experimental model of an Army pursuit 
plane hau weak ailerons, a design defect 
that could prove dangerous in combat 
maneuvering. Langley pilots flew the plane, 
measured its perfoni ance; on the ground, 
engineers pondered the problems and sug- 
gested a dual approach. First, they doubled 
the deflection angles of the aileron, which 
increased its effectiveness. Tb<*n they 
balanced the ailerons aerodynamically, so 
that the response was light and quick. 

The result was an airplane with doublctl 
roll peri'ormance, and one that set new 
standards by which later fighters were 
judged. 

These were typical problems faced at Langley 
during the war yeais. It was the urgency 
of war that predetermined the direction of 
so many of the N'AC.A programs. Most of 
thens veu r.in'ed at the “quick fix" that 
would get an aiqj’auc om uf tt® current 
troubles. 

Blit most of the air war was fought with 
airplanes that had been designed before cl- 
early in the war, and many of these h;id 
drawn on basic N'.AC.-\ data for their de- 
signs. .Secretary of the Navy Frank Knox 
said in 1943: “The Navy's famous fighters 
— the Corsair, Wildcat and Hellcat are 
possible only be., iu.se they are based on 
fundamentals deveIo|,'cd l)\ the N.AC.A. .Ml 
of them use .N.\('..\ wins; sections, .N.\C.\ 
cooling methods, .N.AC.A high-lift devices. 
The great sea victories that have broken 
Japan's expanding grip in the Pacific 
would not h.ivc been possible without the 
contributions of the N.AC.A.” 




As the war prsMurssctl, spreds kept cd^inq 
up. riie purs\iit airplanes that »'xperienrtxl 
compressihiliiv mini ties emphasiml the 
uetxi for luulerstaiuruiq this new charac- 
teri.siic of liiqh-speixl (llqlit. It was one 
thiiiq to (ix a proMeiii of hiqh-sfwed lliqht 
tempura lily; it eonld lie d'>ne cmpiricallv. 
thi'oiiqh tests in the I.aaqlev tunnels, or 
hv catx'fiilU contioileil aiul instrnnienUxl 
test lliqhts. 

But to avoid this pmlileni from the start 
meant that the desiqneis had to have a 
hackloq of information, the verv kind of 
data that XAC'A and the indnstrv had 
lieen too pre-oi'OipUxl to colh-ct dnrinq the 
war years. 

in spite oi the w.irtime work load. I.anqiey 
stair meniiKTs had U’en thinkinq alioui 
some of the pntlilems sif hiqh-sprxxl lliqht. 

Ill 1939. for example, the .\irllow Keseaix-h 
■Stair had another Ux)k at the li.isir co.i- 
eepts of jet propulsion, a loiiq-kiunvn prin- 
ciple that h.id lirielU come to liqlu in a 
1923 Tfchuieal Keport puNished oy .\.\(^\. 
in this respix't. scientists were not 

alone. In other count ris-s. tfeir counter- 
parts were hKikinq at and woikiuq on the 
prolilems of jet propulsion. I'he ('icnnans 
were clos»- to llvinq an experimental jet- 
propelhxl air]>lane. The British h.ul written 
a .spi*citieation for their lirst. ['he Italians 
wen* H\ieq a nithnient.irx' jet-propnl.sion 
scheme ill a tes.-lxxl aiix'raft. 


But jet propuLsion, in 1939, seenuxl like the 
answer onlv to the interception prulilein. 
I'hat was not the major concern of ihe 
U. S. militarx serx ices, who were struqqlinq 
to qet every hit of ranqe out of their air- 
craft for strateqic re;isons. Baci into the 
files went the jet propulsion rep rts. 
.\nother example of hiqh-spttxl research 
was starttxl in 19-11. when a qroup iK'qan 
to ti*st in the eiqht-fool hiqh-sjiet*d tunnel, 
working on pro|K*llei designs that could lie 
ustxl to drive an air)>lane at the then- 
unlH-aixl-of .spml of .'KHI inph. I.anqiey per- 
sonnel in this group were the nucleus of 
later work on liiqh-spixxl How that was to 
win the agency two moiv Ciollier Trophies. 
Working in the high-speed wind tunnel was 
a quaranteixl way to unearth the iirolilems 
of attaining high spreeds. But it was only- 
one of the methixls that tradition- 

.ally had used to obtain design data. Flight 
tests had to suprplenient the wind tunnel, 
and a l aricty of other kinds of tests in 
special facilities, such .as the free-llight 
tunnel, had to lie integrated into a test 
prrogram iH'fore the engimx'rs lielie\-ixl the 
data was good enough to provide a di.sign 
base. 

•\t 5tK) mph., designers would Ik* working 
near the fringe of the transonic region and 
the speed of sound. That spjixxl '-ad lHx*n 
dclined as a pirolilem some yeai-s iK-foix*. 
when a British .scientist had said that sonic 
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I. .Nurth .\mrnvan 
H, vn- of it»r ni«rf* 
rlfcx tivc air >vra(>oiM ot 
W orlJ War 2. vrrm 
ihn>ui;li drav rlron-iip 
Irau in thr l^nglrr' 
lull-scale tunnel late in 
IIMJ. 

2- Bell N P-j9.\ umler 
test in the l^plev I'ull- 
scaJe tunnel. Plane wo.s 
service test moslilicalion 
of XP-."'9, first L'nitevi 
States let'propelleLl 
airplane, which urst 
flew October 1, IfH'J. 
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sp«<l “. . . looms like a barrier . . .” against 
the further development of flight. The 
words, "sonic barrier”, passed quickly into 
the literature and folklore of flight. 

Was it a barrier, or only a smokescreen? 
There was no available way to find out. 
Some flow experiments had been made at 
l.angley by dropping mstnimented and 
highly streamlined shapes from high alti- 
tudes, measuring forces and speeds and 
correlating the two to detennine the change 
in drag and lift at the transonic region. 

But these results were not too conclusive. 
There was one acknowledged way to get 
accurate transonic desigm data, and that 
rvas (mm flight tests of a full-scale aiiplane, 
built specifically to fly into and through the 
transonic region. 

In 1943, such an airplane was conceived 
at Langley. More or less simultaneously, 
others in industry and the military labs 
had been thinking along the same lines. 

The Langley study expanded and, in March 
1944, was preseiiuxl at a seminar attended 
by personnel from the .Anny .\ir Force, 
the Navy and NAC.\. .\.AC.A put its weight 
behind the study, and proposed that a 
jet-propelled airpb.ne lie built specifically 
for the purpose of flight research in the 
transonic region. 

This was a pioneering step in aviation 
history. It marked the ix'ginning of a sys- 
tematic exploration of the transonic region 
in flight tests that would win world-wide 
respect and rekitown. It led also to the later 
stable of research aircraft operated by 
and the military in unique nro- 
gr.ains that .supplied fundamental design 
data for years to come. 

Tixlav. research aircraft like the X-15 are 
l)cing flown near the itorders of the tin- 
known, in tests which are producing design 
data for the aircraft of tomorrow. 

This first rest'arch aiiplane w.as designated 
X.S-I, and w.as to he built by Bell .Aircraft 
Corp., where much of the original design 
thinking had taken form i”. 1943. The con- 
tract was let by the .Air Materiel Command 
early in 194,), and design and construction 
proceeded. 

At Langlev, scientists were still tiying other 
methods. It was not so much a case of 
hedging bets as it was trying to develop 
test techniques that would supplement 
these of full-scale flight, and which might 
indicate a way to go that was cheaper 
than constrneting a complete airplane each 
time. 

One of the unique apiiroaches to obtaining 
high-speed flow was conceived at F.angiev 
in mid-l!>44. It was bg.sed on the exi.stence 


of transonic flow in a small region over the 
upper surface of the wing of a high-speed 
subsonic airplane. .A small, half-span model 
of a wing shape was built and mounted, 
peipendicular to the upper surface of the 
wing and aligned with the airflow, near the 
point of maximum thickness. The aiiplane 
was flown into a high-speed dive, and 
transonic flow developed over the wing. 
Instrumentation in the mount of the model 
wing rccotded the forces and airflow angles 
for reduction into design data after the 
flight. 

Revisions in instrumentation, and specif- 
ically the development of radio telemetering 
techniques at Langley in 1944, prompted a 
second series of bomb-drop tests. With an 
installed telemetering package, forces could 
be measured in flight and transmitted to a 
ground station for recording and future 
data reduction. 

The problem was basically that the avail- 
able operational altitudes didn’t permit 
enough velocity buildup before impact of 
the bombs. Consequently, the data points 
never got ver\- much over the sonic mark, 
and didn't prove too useful. 

Of these techniques, the most productive 
results were to come from the wing-flow 
method tests. They determined that i tl;in 
wing didn't behave at all like u thick wi:ig, 
and that its characteristics were far superior 
for high-speed flight. 

Near the close of World War II, a Langley 
scientist conceived the idea of wing siveep- 
back as one method of obtaining higher 
flight speeds. In clTect, sweepback fools the 
air into thinking that it is flowing over a 
x ciT thin wing, and it delays the sudden 
drag rise associated with the transonic 
region. In the supersonic speed range, a 
swcptback wing can tie designed so that it 
lies entirely within the shock wave cone. 

This avoids the problems of mixed flow 
that would otherwise occur. 

Wing sweepback was not a Langlev’ inven- 
tion, liecausc other scientists were working 
on the idea at about the same time. The 
first intelligence reports that filtered back 
to industry and the N AC.A laboratories in 
the closing months of the war showed that 
the Gennans had taken aggressite advan- 
tage of the concepts of swe''pback, in designs 
of jet-propelled aircraft that— on paper — 
were superior to anything under develop- 
ment cither in this countiy or in Great 
Britain. 

Those designs set the pattern for the past- 
war years of aviation development. The 
demand was for more speed, higher altitudes 
of operation, more thrust from turbojet and 
rocket engines. But tbe XS-I had yet to 
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fly. Operational Genm n aircraft with 
advanced features were so few, and the 
really advanced types so experimental, 
that there w.as no way of obtaining much 
solid data from flight tests of full-scale 
airplanes. 

Langley had done some experimentation 
with rocket-propelled models, launching 
them from the ground in attempts to get 
meaningful free-flight data. This looked 
like a valid test technique, and the work 
expanded to a point where a separate test 
facility was established at Wailops Island, 
\'irginia, up the .Atlantic eoast from Lang- 
ley. The Pilotless .\ircraft Research Division 
(P.\RD) moved into the area late in June, 
1945, and on (October 18 launched its first 
succes-sfiil drag research vehicle. 

This was a rocket-propelled model aircraft, 
designed to evaluate wing and fuselage 
shapes to provide basic design information 
at transonic and supersonic speeds. 

The test vehicles became more elaborate. 
The following June, P.\R1) launched a 
control- surface research vehicle which 
evaluated controllability in roll by deflect- 
ing the ailerons in a programmed maneuver. 
Wallops .Station has long outgrown that 
original test site and now is sprawled over 
portions of the former .Vaval air station at 
Chincoteague. In recent years. Wallops 
work has provided major contributions to 
the Mercurs’, Gemini and .-\pollo manned 
space flight programs, in tests of escape 
systems and other rocket-launched vehicles. 

The first flight of the XS-1 was approach- 
ing, and the test work flights were scheduled 
to take place at the .\rmy .Air Force flight 
test area on Muroc l)r\’ Lake, Calif. Pro- 
gram personnel were moving to the area 
for support of the tests, and Langley trans- 
ferred 13 engineers, in.'niment specialists 
and technical observers to Muroc. The unit 
was designated the N.AC.A .Muroc Flight 
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1. Boeing B-29 long-range 
bomlx-r model was tested 
for ditching cliaracter- 
Ulics in the Langley tank 
No. 2 early in l‘J4ti. 

2. Na\y swept-wing 
modihralion oi Bell r-6i! 
was tested by Langley 
late in 1947 to deter- 
mine low-ipecd stability 
and stalling char.irter- 
istics. 
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Test Unit: it was the oris'ni of today's 
NASA Flight Research Center at Edwards 
AFB, wliich c[rew out of the site of the 
Muroc operations. 

The Bell XS-1 was a conservative design. 

Its ruecied structure was planned to take a 
inaxiinuin load of IB times its normal flight 
loads, where most fighters were designed 
for only nine times the normal load. Its 
powerplaut was a proven unit. The design 
principles were simply stated: .Avoid all 
identifiable uncertainties. 

One of the uncertainties was the way to 
feed the fuel to the rocket engines. The 
lightest weight unit would have been a 
turbine-driven fuel pump, but it wasn’t 
ready when the XS-1 needed it. The deci- 
sion was made to go with a pressurued fuel 
system, in which Irottled nitrogen gas, 
stored in 1 2 spherical containers at 2,000 
psi., was u.scd to force the fuel ar.d oxidizer 
from their tanks to the engine. 

The pressurized sy stem >vas heavier, and 
displaced precious fuel so that only enough 
was left for two and one-half minutes of 
powered flight. To make the most of the 
available fuel supply, Bell suggested that 
the XS-1 be carried aloft under a speciallv 
modified Boeing B-29 bomber, and .air- 
dropped for launch. 

This would accomplish a couple of things, 
they said. First, it would cn.ible the air- 
plane to l>e flown without p.awer in a series 
of glide flights which would establish 
whether or not the basic airplane design 
was right, aertxlynamically. at lower speeds, 
.''ccoiul, it would conserve fuel so that it 
could be almost all earmarkeu for the dash 
through the transonic region, for which the 
airplane was built in the first place. 

Glide flights were made early in 194fi, over 
Pinecastle, Florida, and the first powered 
flight following air-launch was made early 
in December that year. 

Back at I.anglev. work still was contimiing 
on methods to rearh the same speed range 
in wind tunnels, or in free-ilight with models. 
One of the major aecompli.shments tluriug 
lH4t> was the development of a rocket- 
powered resi’arch vehicle that (lew faster 
than l.UU> mph. It was part of the work 
done at Wallops Island, and it was iaunched 
to test a series of wing planforms of dif- 
ferent sweepback angles ami jtroportions. 
The w’,ig-llow metlnxl of transonic .speed 
studii s was adapted for wind-tunnel use bv 
installing a hu.np in .iir test section of the 
seven- by ten-foot wind tunnel at l.angley. 
Mach numbers of about 1.2 times the speed 
of .sou’.kI could be reached before the tunnel 
“choked" with the slux'k waves of sup< r- 
sonic flight and the results became uneert.'.. . 


It was. and is, the presence of shock waves 
in the tunnel test section th-i makes it so 
dillicult to obtain meaningful results around 
the speed of sound. But l.angley researchers 
postulated that the shock waves could be 
cancelled or absorl>ed in.stead of lx*ing le- 
flected. If absorbed, then the test section 
would be free of the reflected shocks that 
disturb the flow and the measurements. 

Two l.angley researchers, one working with 
flow theory and the other with experiments 
in a small l.l-inch tunnel attached to the 
IG-ft. high-speed tunnel, were able to estab- 
lish tran.sonic flow' in a test section which 
had l>cen slotted with longitudinal open- 
ings. The slotted throat absorbed the shock 
waves and kept the test section clear for 
measurements. 

This was a breakthrough in wind-tunnel 
technique. It led directly to the development 
of the slotted-throat tunnel for transonic 
flow studies, and later, in 1951 after the 
stor\' could be told, won a Collier Trophy 
for John Stack and his associates ?t Langley. 
In .April 1947, P.ARD (Pilotless .Aircraft 
Research Division) launched its first scaled- 
down airplane in a test for performance 
evaluation. It was a model of the Republic 
XF-91, a radical fightei design which com- 
bined turbojet and rocket engines for 
performance at extreme altitudes. 

The success of this test program was fol- 
lowed by model flight tests of most of the 
.Air Force and Na\->' supersonic and subsonic 
aircraft designs. 




Then, on October 14, 1947, the sonic bar- 
rier no longer was a mystery. The Bell 
XS-I, piloted by Air Force Capt. Charles 
E. ifcager, reached Mach l.\)6 on its ninth 
powered ilight, in a clear demonstration of 
controlU bie flight through the transonic 
region. 

It was the first of many supersonic flights 
to come for the XS-1 {iater to be designated 
the X-1 and to be joined by ststev ships in 
the same scries with improved per'brmance) 
and, later, for other expcrimemal ind 
production aircraft. 

But it '.vas the pioneering aclucvemc it of 
the XS-1 program and the people associated 
with it that was recognized by the award 
of the Collier Trophy for 1947 to Lanirlcy’s 
John Stack, Lawrence D. Bell of Bell Air- 
craft, and Capt. Charles E. Yeager of t.ie 
United States .^ir Force. 


Supersonic flight now is no longer unique. 
Within a few years, airline passengers will 
be traveling at speeds nearly three times 
that reached during the first piercing of the 
sonic range. 

But in 1947, the attainment of supersonic 
speed was a history-making culmination of 
a long research effort that had beguii early 
in the war at Langley Memorial .Aeronauti- 
cal Laboratori- (now, Langley Research 
Center). It was also the first step into the 
future of a new and pioneering age in 
aviation- -the age of supersonic flight. 
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Sixteen aircraft arc 
waiting for flight tests 
at Langley during a 
typical day in World 
War II. 
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1948-1957 


The fourth decade of research at Langley was 
characterized by rapid and drastic changes in 
aircraft types and performance, often shaped by 
the application of new technologies drawn from 
NACA experience. 

In the ten years between 1948 and 1957, the 
speed of service fighters in the U. S. Air Force 
and Navy virtually doubled, fn September 1948, 
the world speed record was rcised to 670.981 
mph by a standard North American F-86A 
fighter. At the end of the decade, a McDonnell 
F-IOIA “ Voodoo” blasted its way to 1,207.6 
mph, beating by a handsome margin the previous 
record set by a British research airaaft, the 
Fair^ Delta 2. 

Transportation speeds increased also. In 1948, 
the British flew the world’s first turboprop air- 
liner, the Vickers Viscount, and followed it with 
the first flight, in the following year, of the 
De Havilland Comet, a turbojet-propelled transport. 
The Comet entered scheduled airline service with 
British Overseas Airways Corp. in May, 1952. 
Two years later, the bright dreams were dulled 
by tragedy and the Comet was withdrawn from 
service. 

The remarkable series of "X” aircraft, which 
had been born during the previous decade with 
the Bell XS-1, grew into a stable of diverse 
types to probe and analyze new problem areas. 
From the barely supersonic performance of the 
original X-1, the research series blasted first past 
Mach 2 and then Mach 3 speeds. 

The first tentative steps toward vertical takeoff 
and landing (VTOL) aircraft were taken, and 
development later was spurred partly by the out- 
standing success of the helicopter ' the Korean 
action, and a I- low 'edge of its shortcomings. 

The “Century Serits” of fighters, so-called be- 
cause of their nun erical designations which 
started with F-IJO, ivetc developed and flown 
during this decade, and set new performance 
standards. They also posed new stability and 
control problems, such as roll coupling and pitch- 
up, which were to plague their designers and 
NACA for solutions. 

And finally, in the closing months of the decade. 
North American Aviation was awarded the con- 
tract for the XB-70 bomber, an awesome aircraft 
intended to fly at three times the speed of sound. 
The airplane had come fast and far in the decade 


between 1948 and 1957. The Berlin Airlift, 
which began in June 1948, was flown with the 
piston-engined transports left over from World 
War 2, and designed before then. 

The Consolidated Vultee B-36 was the standard 
bomber of the Air Force, and jet-propelled fighters 
were just getting to squadrons. There was a 
change in the offing, marked by the first flight of 
Boeing's XB-47, a six-jet sweptwing bomber, 
which took to the air for the first time February 8, 
1949. 

But the U. S. went to war in Korea with left- 
over Boeing B-29 bombers, and the first ‘" 'f was 
made by a North American F-82 Twin Mustang, 
a piston-engined fighter. 

In November 1950, the first dogfight between jet 
aircraft seared the sky over Korea and .set the 
pattern for future combat. 

In June 1951, the Bell X-5 flew for the first lime. 
One of the research aircraft, it was characterized 
by its ability to change the sweep angle of its 
wing in flight. It was the precursor of the General 
Dynamics F~111A fighter and the Boeing supersonic 
tramport. 

Air transportation made a tremendous impact on 
the public during the Berlin Airlift. Three years 
later, air passenger miles overtook Pullman p.is- 
senger miles traveled for the first time. The trend 
has never reversed. 

The Boeing 7G7 prototype, first of a long line of 
jet transports, made its first flight July 15, 1954. 
Later, the French made a unique contribution 
with the Sud Aviation Caravelle, whose rear- 
m. nted turbojets set a style bend. The Caravelle 
firs: flew May 27, 1955. 

In October that year. Pan Americm World Air- 
ways c.dered 45 jet transports, 25 DC-8s from 
Douglas and 20 Boeing 707s. The first round of 
jet orders was sparked by this move, and the jet 
race was on. 

In January 1951, the Atlas intercontinental 
ballistic missile program wjs started. It was to 
draw heavily on aviat'on's scientific, engineering 
and organizational talents. But more than that; 
i: was to become the tail that wagged the dog. 

From a small start, the Atlor and its descendants 
grew to dominate the airaaft industry, its edu- 
cational system, its management techniques, its 
personnel mover and its funds. It even changed 
the name of the industry to “aerospace.” 
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Before the decade endedt tfh: unexpected happened. 
On October 4. 1957, a “beep-beep-beep” signalled 
that the first man-made satellite of the earth 
If as in orbit, and that it was Russian. Sputnik’s 
signal had a mocking sound to frustrated U. S. 
engineers. 

The insult was repeated less than one month later 
by Sputnik II and a passenger — the dog, Laika. 
Sputniks I and II triggered a chain reaction that 
is still mushrooming today. They affected Lanpt'v 
in a way that re-oriented its thinking, re-al>o,.ated 
its money, and redirected its efforts. And it forced 
the birth of the National Aeronautics and Space 
Administration in 1958. 

It was to be a long step from the first breach- 
ing of the sonic barrier to the achievement 
of sust ined, efficient supci onic flight, and 
nowhere was that better understood than 
at Langley. 

The Bell XS-1 had flown supersonically by 
the “brute strength” method. It had little 
endurance. It had to be carried aloft by 
a mother ship to conserve the fuel which 
would have normally been used for takeoff 
and climb. It was powered by a rocket 
engine with , prodigious appetite for fuel. 

It was a groat research airplane, but it 
would have made a terrible operational 
military or civilian aircraft. 

More practical designs had to be achieved 
and NACA mounted an attack on the 
problems of sustained supersonic flight 
along a number of salients. 

The jet engine '.ad grown up and promised 
enough thrust, at operational altitudes, to 
propel a le.ss-radical airplane than the XS-1 
through the speed of sound. The general 
concept of the swept wing indicated that 
drag reductions were achievable, enough to 
complement the available thrust and make 
for supersonic flight. 

Some data was available on components or 
on generalized shapes that indicated trends 
but didn’t solve any of the detailed design 
problems. The questicn of how to get high 
lift out of a thin wing had not been answered. 
Efficient air inlets for supersonic speeds were 
lacking. Control systems were still tied to 
subsonic data obtained earlier. 

And worse, thcie was a realization that no 
longer was the airplane a simple linear design, 
a finished structure made up of component 
building blocks that had each been designed 
separately. The design of a supersonic air- 
plane, and in fact, of any efficient high- 
speed airplane, was going to have to be an 
integrated whole, in which each component 
interacted with every other, and none 
could be changed without affecting the 
overall design, perhaps radically. 

This was the general statement of the prob- 


lem that faced Langley researchers as they 
entered their fourth decade of research 
work. The supersonic age was crowding in 
on tlicm. Requirements for military air- 
craft were beginning to work into and 
Ijeyond the transonic region, and new data 
had to be obtained fast. 

Fortunately, the slotted-throat wind-tunnel 
technique iiad been developed just a couple 
of years before, and was b ;ginning to promise 
accurate results in a region where tet t work 
had been uncertain, at best. 

Wind tunnel facilities, always a strong por- 
tion of the Langley laborator)’, were planned 
around the slottfd-throat concept. A new 
eight-foot transonic tunnel was first approved 
for constniction by the Research and De- 
^ elopment Board of the Department of 
Defense in May, 1949. In December of 
that year, the original eight-foot high-speed 
wind tunnel, an existing Langley facili*^y 
which had been converted to a slotted- 
throat test section, ran with sustained 
transonic flow for the first time. 

One year later, the same trick was per- 
formed in the 16-ft. high-speed tunnel 
converted to a slotted throat. 

This work led directly to another Collier 
Trophy in 1951, awarded to Langley’s 
John Stack and his associates for their work 
in the conception, development and practi- 
cal application of the slotted-throat for 
transonic wind tunnels 
Continuing work by the Pilotless Aircraft 
Research Station at Wallops Island paral- 
leled the studies in the transc'ic tunnel 
and extended them into the supersonic 
speed range reachable with rocket-propelled 
models. 

.Slowly, 'he transonic region yielded to prob- 
ing and analysis. The basic problems begaii 
to be defined, and the numbers that were 
developed in tests showed where the problems 
really lay. 

The biggest difficulty in getting an airplane 
to fly supersonically was to get it t'nrough 
the transonic region rapvdly so that it 
didn’t have to waste precious fuel in a slow 
acceleration through the Mach one range. 
The problem was that, in the transonic 
region, there was a sharp increase in drag 
coupled with a eorresponding decrease in 
lift. Changes in lift meant that control 
problems might well appear. They could 
be handled, if they were defined, under- 
stood and curbed. That knowledge was to 
come later. 

For the moment, the concentration was on 
getting through the transonic region. How 
could the drag be reduce J? 

One of Langley’s scientists, Richard T. 
Whitcomb, had an intuitive feeling that the 



drag rise tras due to the interference be- 
tween wing and fuselage. Some tests proved, 

• to his satisfaction, that this was so. 

r' .^dolf r-iisemann, a transplanted Gennan 

scientist who had contributed to highspeed 
aerodynamics over at least a decade, spoke 
i in NoveiniMT 1951 alxjut the “pipe How" 

* characteristics of the transonic flow region. 
What he meant was that cross-scetion areas 
of the stream tubes —those nebulous sur- 

, faces defined by a cluster of streamlines in 
air flow — didn't change as the flow passed 
i through the transonic region. 

' Whitcomb thotight about this, and between 
the insight from Busemann's comments 
. and some additional tests, he derived the 
area rule, a basic design concept which 
in the words of a Langlev associate — made 
sustained supersonic flight possible. 

The area rule, crudely stated, says that the 
cross-section areas of an aircraft should not 
alter too rapidlv from the front of the plane 
to the back. This Minimizes the flow dis- 
turbance and the transonic drag rise. 

For example, the presence of a w ing on a 
fusc.age add^ extra cross-section area to the 
airplane. To cu npensate for the additional 
wing area, some area must Ik* removed 
from the fuselage. The result is an indenta- 
tion on the fuselage where the wing t.j 
locate*!. This "wasp-waisted” appearance, 
or •■Cole-l)oi:le" shape, is one characteris- 
tic of the early application of the area rule 
to transonic flight. 

Tests o' the concept as a design tool iK’gan 
in Feb'uarv 1952, and they were quickly 
applied to two military aircraft: Clonvair's 
XF-H'2, which showed no hope of reaching 
its low supei-soii design speed, and tin* 
Grumman XFl lF-1, which had, in the 
early design siage.s, a low supersonic sp* vil 
as oiic of the design goals. 


d(*th airplanes later slict*d through the 
tia-tsonic region with little dilliculty, and 
with no more power than before. 

The work was kept under wraps at Langlev, 
because it was a genuine breakthrough in 
airplane de:'ign. 1: was finalh released 
publicly in 1955, when Whitcomb receiv**d 
the Col'.ier Trophy for 1954 for “. . . dis- 
cover and experii. ental \ erification of the 
area rule, yielding higher speed and greater 
range with the same power.” 

The work continued, and extensions of the 
transonic area riile weie dcv**lopcd for 
design of .supersonic cruise aircraft. General 
Dvnamics’ experience with the F-102 design 
had made the company a believer, and 
they designed their B-.58 bomlter using thi 
supersonic application. It was the first 
airplane to 'ic designed by the supersonic 
area rule concept, and it m.ade its first 
flight November 1 1, 1956. 

Fart of the success of the B 5C boiulx r was 
due to a tiny delta-winged aivtralt with a 
fighter designation: XK-92.\. This had been 
built as j fighter airpla:ie, and assigned 
latci to a research program to determine 
whether or not the delta-winged planform 
was the correct approach to highspeed 
flight. 

It was arely supersonic in .a sleep dive, 
according to one of the .■Xir Force pilots who 
tested the XF-92.\. But dive tests sho\.eJ 
that transition through the t -ansonic region 
into the low supci'*; mii • • **asiei with the 

thin delta wing • 'thcr the thicker 

sweptsving F-3b oi s,r,. .. it-wi.igcd F-94, 

both of which w ;*ri* cap.ible of ciocsing ^ 

the transonic region in a dive. noiriNAL 

The XF-92.X late" jc>ineu the X.VC.A. group ^ p^r»o ’ * 
of research airplanes, and was extensivelv 
tested in flight licfore its ret; '*mcnt. 

That group of research airplanes, born during 



Resratch aircraft 
piomrrrd lliglit into the 
supersonic range ami led 
tile w.iv 1*1 ■■up-rs.'"^- 
lighters and iKiinliei-s. 
SecomI Ill’ll X- 1 , lluwn 
by N,\* pilots from 
IlHH. later miHlitied to 
become X-IK. 
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thc prc\ ious decade at Langley, in the 
military seniecs and indnstiy-, grew to be 
one of the most vahiablc source* of aircraft 
design infonnation ever asscnibltd. 

The Bell X-1, progenitor of the scni>, had 
flown through the sonic speed range in 1947. 
A second research aircraft, the straight- 
winged Douglas D-558-I Skystreak, had 
Iregun its flight test program early in 1947, 
and by August that year had established 
a new world speed record of 651) 8 niph. 

A second D-558 design, the Skyrocket, was 
developed by Douglas Aircraft and the 
Xa'-y. It featured a swept wing in addition 
to a rocket powei'plant in combination with 
its turlrojct. Three of the sweptwing craft 
were built, and one of them- -rocket-p.o- 
pellcd and air-launched — Ixtramc the first 
aircraft to break the Mach 2 manv. 

A major step fonvard was the Bell X-2, 
intended lu explore the region of flight 
a''3ve lUO.OOO feet and up to speeds of 
Mach 3. Built of K-moncl and stainless 
steel to Solve the expected heating ciolilems, 
the Bell X-2 was powered by a throttleable 
rocket engine. It was a s lort-livcd program, 
marked liy tragic lo.sscs of both airplanes 
and two pilots. But in its Ijrief moment of 
glory, the airplane reached a peak altitude 
above 126,01)0 feet, and a speed of Mach 
3.2. 

But more than speed and altitude per- 
formance was in the minds of the ougincei's 
who worked with the research aircraft. 

The .Air Force funded a program on the 
•Vorthrop-bnilt X-4, a tailless airplane de- 
signed on the piemise 'hat elimination of 
the horizontal tail surface would reduce the 


problems associated with sving * 61 com- 
binations in the transonic region. The air- 
plane Ijerame a reliable test vehicle, although 
its s|>ecd range was on the low side of the 
iransonic region. 

There was an X-3. originally conceisn’d to 
explore the problems of sustained super- 
sonic flight. Xeedic-nosed and with tiny, 
straight-tapea-d wings, the \-3 proved to 
l)C underpowered and overloaded. In spite 
of that, experienced pilots kept the aiqdane 
operational over a four-year .span frotn 
1532 to 1956, and succeeded in obtaining 
!iuich data on the l>ehavior of scrv thin 
wings in the transonic region. 

Flying the X-3, which was an airplane 
whose inertia characteristics were dilTenent 
from almost all of its predeccs,sors, uncosciTd 
a highspeed flight problem of inertial 
coupling. Cnidely stated, the airplane wal- 
losved in the air. If the pilot wanted to 
turn the airplane in a banked attitude, the 
nnusiial distrilnuiun of the aiqdane’s m.ass 
—strung out along the fuselage, but essen- 
tially zero in a spamvisc direction — resulted 
in a yawing motion as well. Sometimes the 
yaw wa.s wild .arid uncontrollable; the first 
version of the North .Americati F-UKI super- 
sonic fighter liroke up in the air from this 
uncontrollaldc ttiotion. 

■As a .sidelight, the problem of inertial cou- 
pling had l)ce.n studied in theory and re- 
ported by Langley in 194H. The report 
langiiishccl in files until troiil.'lc set in. Then 
it became a kcy.-itor.e of the flight and 
tunnel-test programs that were monnied 
on an eirergency Irasis to solve the problem. 
The fifth designated X-airplanc was a dif- 
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fca'iU approach. It was Imill aroimo the 
concept uf a \ ariahle-swccp w iiii; whose 
sweephack at'tslc could l»c chained in Mii;ht. 
I he cottcept was proha ly Itorn. and cer- 
tainly was advanced, in the I.anclcv laltora- 
torics, althunith the genesis of the idea is 
an;ued today and remains controversial. 

The fact is that Bell Aircraft snhiniued a 
proposal to the Air Force in July for 
a research airplane vvhose wint; sweep was 
variahle in Hight. The I’SAF went to N'AC.\ 
with the suggestion that the airplane l-»e- 
comc part of the joint research aircraft 
program. accepted, endorsed the 

program, and the X-5 Iregan to take fonn. 
How did it originate? The thought prohahly 
occurred to several people who thought 
alvont one of the main prohlen.s of the 
sweptwing aircraft. The layout was fine for 
highspeed Hight, hut it left much to Ik- 
desired at the low-speed end. If it were 
possible to vary the wing sweep from zero 
at low speeds to the optimum angle for 
high .speeds, the prohlcm cottM tve solved. 

In l‘M5. work at I.aiiglcv l>egan in thv free- 
flight ttinnel on a skewed \s ing. pivoted on 
a vertical centerline and rotating s«i that 
one wingtip movixl forward and the other 
afi. This cviiions configuration ". . . cx- 
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I. Bell X*IA, brirtiv on 
NAC.\ roKtrr in 19 . 1 ,*. 


> Bril rt-jwn onlv 
h\- I 'iAF pilots, uas 
uinnri-trstrd .ii ljani;|r\ . 
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iiihiicd siir(>risio"lv (> 00(1 rti«;hl chjracteris- 
tics up lo skew "s of alwiii 10 decrees." 
Ktsuiis were p ' 'ml in Ttvlmical Note 
:208. 

Two years laler. t iii'xlrl of the Jk-ll \-l 
was modifml for tests of varialde sweep in 
the Lam;U*v /- h\ !"-f* ' -mel. The ex- 
periments pruliicetf result? tluu shoived 
variahle-sw ix-p coiicepis to Iw feasible. The 
tests also showtxl that it would prolwhU Ik- 
neeessan to move the wiin; alonu a fore- 
and-aft line in t»Mer to kcx-p the staliilitv 
charaeteristics within the tiesirahle raime. 
Bs-!!'s ItaekiiriMuid in research aiix raft desicn, 
and the work rfoiw hv Laniites in the wind 
tnniu-ls from I'.M.i to l*M7. were ctMiihined 
I tv Bell in t!w projx)s-d for the X-.a. 

Hie aiqdane ties! tlew June ‘Jd, l‘,*al. It 
iH-came part of an extensiv e tUuht-test pio- 
ijram \\ hich invi-stittated the elftvis t»f 
swix-p on jH-rfontianee and tUini; tpuJilu-s. 
I'he sw«-p ancle was chaniy-il in llicht 
nianv times v\ith no proltlems. 

The earlier work at I.anclev was prosed 
richt. thoiich, iHvaiist- the Bt-ll \-.i was 
desiciml fstrtaiialelv - with a nux hanisin 
th.it inovixl the enitre wine font.ird as it 
was sw ept I>aek. in oaler lo keep stahilits 
•md contritl |H>sitivc. 

t tne i-n(M)rtant iH-netit. which teniams rela- 
tiveU unkmnt n tmlav, was the know ledce 
eaiiuxi altoni the I'csjmn.e nl a hieh-5|!eed. 
hiehh sw«-jit aitpl ine to ensls durinc fast. 
Iiwv-aititnde llichi. 

The X-.i w.is Ihnsn near the cronnd with 
Its wines swept fnlK luck to deertx-s. 
and the d.ita .tittatmxi dnri.ic ihosi- runs 
was to iitroiuc an ini[Hirtant ciniskleraiioii 
in the later de^tijn of variaMe-sweep hilitris 
for their l.iclk al ntle. 

I’nor to ami *inrini> the X-3 test program. 
Lanchn tunnels ami other facilities vs ere 
asixl in parallel studh-s on iiukI--1s in wiml 
timnels, at low spwds am! at Inch, nsim; 
the transooic Immn m lmUpie. and in-lli';lii 
U-sls of s*-mi-s)).m im.Hlels iisine the 
w inc-llow tectmii|nc 

M eantime. the Naw .md t inumii.'n ,\n- 
ciaft Kncineerim: foip. were dcvelopiiu; 
the Xridl'-l. .1 v.irialile sw,--p lichter tiisl 
Itowii in M;u Id.'il*. I.anclev lesial n’i»!el> 
of the X!'lt>r-1 in the ir.iusoiiie viimi tunnel 
ami in tlichl. usim; the roi'ket -propelled 
nx'hniqne .It t’AKI), VV.illops Island. 

I'hr airplane was a failure, even thonc;h the 
incorporation of v arialtle sweep contriluited 
nothinc to that failnrt-. There were no 
serious mech.anieal proltlems witli the mov- 
ini; wine, imt tiicht .and other limitations 
on the airpl.ine ri-sulteil in little ttr no useful 
tiata on the .application of variahle swei-p 
to a niilitarv attcraft. 
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The variable-sweep studies continued at 
tuniilev onlv on an interim b.isis for a 
inimtier of re.'isons. First, in the early i y.aOs. 
there vvas eo miliiarv' nxpiiremeat for sus- 
laimxl sujx-rsv'nie sjmxls: inieirsl vvas limited 
lo .a snlisonie en.-s*- to target are.is with a 
supers*..nic d.a.sh vaver the tarc;et. 

Second, there w.as no low -level operational 
n-qoimnent to nrnimizc the ch.ance of 
r.adar detection. I'he ability of a highly 
swqi; aircraft to tlv low and fast, proven 
111 some of the tes‘ (liiilits of the X-.a. was 
not yet to i-a- put lo the lest of a inilitai-y' 
.application. 

But l.ater, a iiiiJit.arv- requirement — W.S-IIU 
-w.as proposed that mpiired .a sustained 
supersonic eniise for a stratet;ie IxMi-lver 
tlesicn. Ihher inilitar'.’ mission requirements 
lieitan to include a i. w-Ievel penetration 
mil at hiijh s|>eed. The uevxl for short-field 
capabilities and fern- rainje in aircraft 
iH-c.ame of military concern. 

■Ml of these I'onsiderations sustained super- 
sonic cruise, low-level iK-netration at Inch 
speevl. .STOI, c.ap.ability and lonir ferrv J 

ran»;e -were to co.iiesce later in desiens 
nsinc some vif the concepts of variable 
swn-p pionecntl at I.anciev. But for the 
n-mainder of the dec.ade, work persist»*d .at ; 
a tov • ieee! of .n in ity, j 

lint WS-1 10 v>.as iK'i inninc to create a | 

ilesicn revolution. In late lV*.a4 the neetl ^ 

was .'dvanced for a B-;V’ replaeeioent with 4 
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1. In qujrfrr*9calr. tlw* 
Hrll \»l u in\rsf^4tr«1 
in chr lt>*fAioi irofVitink' 
tunfirl*s (kHtni (Hixvji m 
a l.onf;lr\ irjt pi^icram 

2 . I KnaiUH* ttKKirb tW 
ihr IVH \-3, a \jri4l^* 
xurrp rr#ranrri Jirpkinr. 
ihtw ihr tiitfrrrnt mnc 
kaim ac l.mcl<*^' 
in ihr <j>m anti frrr 
lunnrb. 


ORIGINAL PAGf *S 
Of POOR QUALrrv 


the capnhility to viperatr from rvUriiu; niii- 
\i3\s .iiul to iisr- i-xisiine mninit-nancr f.vrli- 
tics. It shoiikl have a titioiinmn nnreim-Uai 
ramte of at lea^t itantii'al ir.ih*^. aiul 

a that sho’ilil Ik* as liisth as jH>ssiNc. 

SujHTStJim- tU^'.U over lom; rlistam-i', o illi 
the conventional airiraiiie-eiutinc coinhiiu- 
tions of the ilav. rcsuUcil in pro{H>s.ils lot 
cittantie aitviaft uiih inrmiihle aiul com- 
plex iavonts. I’lie rh-siitners weiv s«-nt hack 
to the rlr.iwim; iHiards. aiul \\ S-I lit was 
'cihicrxl ts> teasilnlitx stmlies. 

North AnM-riiMn's pro|His.iI for the V\S-I |0 
was linatlv clu>s«'n. am! after much traxail. 
Uvaini' the \H-7i' proitram with all its 
associated |H>lilieal and trx'lmicai p'xxhleins. 
It exentuallv Uvst out to the concept of.: 
mix«xl missilc-aiul-.iircr.ift foive. atui to the 
eveiiinal repl.icemeio of that mix entircK 
l»v missiU's. 

Kanclev si'icntists claim no ma|oi roh- m 
the concept »>f the H-7t>, Rnt thev eni|>hasi7c 
that the l.anitlev res<\uvh prour.im in sup- 
(Hirf of the .iir|>lane rlirivtixl tlu-ir attention 
to the prohlems o( sustained sujM'rsmic 
llicht a ul einphasi/'xl thos»- problems to 
such an extent that thev ha\e U-ett thinkim; 
.iltoiil loni:-ram:e snpers*>nie ernis«- aircraft 
«’ver since. 

Miiritiit this frmttnl div.ide ,»t l.anulex. one 
of the most im|Hii'tant ami sittnitic.inr air- 
pl.ane desiijns of .ill timi* was born: I he 
X-l.“> h\|H’rson:c research airciaft. Its ovimn 




is traceable to a dociinirnt of Jaiiuar\' 8, 
1952, from Bell Aircraft Co., who had been 
associated with the design and de\Tlopment 
of the X-l, X-2 and X-5 research aircraft. 
The document included a proposal for „ 
manned hypeisonic research aircraft used 
in support ot a proposed NAC.A grou; 
which would lie fonned to e\'aluate anil 
anaKae the basic problems of hypersonic 
and space flight 

In June 1952, NAC'.A‘s Coniniitiee on Aero- 
dynamics passed a resolution which tecoin- 
inended that XAC-\ urcrease its program 
for the speed range lietween Mach 4 and 
Mach 10, and that it bok at even higher 
velocities. 


1. Fioi {-inelry VTOl. moctrl, this nidimenlary 
aircraft pinpointril pmblrni areas for subsequent test 

programs. 

2 . Convair XFY-I, lail-sittini; \T01, deiTlopment 
airctaft. was checked in frce-flight n; 'del form in the 
;h1- by tiO-ft. full-scale wind tunnel at l.angtey. 

3. Flaming nalo was produced bv i.tmiet propulsion 
for rotor tested on the I..anglry helieopier test tower. 





I.an«;W set vip a study coniiuiUce to 
uatc the Bell sui cr*tioiis and an accompany- 
ing proiv*'_; . ^f a nxkct-propcllcd, variablr- 
r«ccp matu'icd research aircraft. In addi- 
tion, two v\nsoIicitcd proposab for aircraft 
of similar pcrfonnaucc had come through 
the NACA channels. One was for a two- 
stage vehicle and the other was for a major 
modification to the exbting X-2 design. 

In March 1954, NACA's intcrlaboratory 
Research .\irplane Panel decided that a 
completely new rcs<‘arch vehicle was the 
better route to travel. T he problem was 
referred to the four NAC.4 laljoratories for 
detailed study of goab and requirements. 

By July that year, the studies had crv stal- 



lizcd to the point that two of them — Lang- 
ley's and that of the .V\C.A High .'speed 
Flight Station at liidwards -could conclude 
that a Mach 7 research airplane was feasible 
and desirable. 

•■\ir Force and Navy representatives met 
with their counterparts at N.AC.A that 
month and listened to the presentatio;. of 
the proposed research airjilane. Following 
the meeting, iinlustrv teams visited I.anglcv 
to discuss the proposals in detail. 

In Octolrer 19.54, the Committee on .^ero- 
dyii.tmics held a meeting which produced 
an endorsement of tlie N.\C.\ ^.-oposals. 

.■\ir Force and \avv joined NAC..\ in a 
Joint task of defining the specification. Its 
reqtiirements coincided generally with the 
results of the I-augley study. 

In IVccmlier 19,54, X.\C..\ made the fonnal 
presentation to the .Mr Technical .\dvisorv 
Panel of the IVpartment of IVfense. They 
approved the ide."'. specifying that X.\C.A 
should be the tech lical tnanagers of the 
program, and that the panel itself would 
have the chance to review proposed designs 
,\hen submitted by indiL<try. 

This was followed by a memorandum of 
unders»aiiding among Air Fo;ce. Navy and 
N.\C.\. which Mtablishtd tlie Research 
•Airplane Committee to di'.cct the project 
tcchnic.allv. l.iitial .steps toward a design 
compK’tition were taken IHvenilKT LW and 
invitations for proposals were .sent to industiy. 

The proposals came in the foIUrwing sum- 
mer, and by autiimii 19.53 had Ikch eval- 
uated. North .American .Aviation was 
awarded a contract for three X-15 air- 
craft in June 195t>; Reaction Motors division 
of Thiokol Chemical ( arrp. received the 
engine development and pr»d:ictiou contr.act. 

Wind-tunnel testing and work on develop- 
ment of structural rompvrnents Innian in 
19.56. and was able to produce enough Jise- 
ful data to enable construction of the 
airplaivc to liegin in SeptemlnT 1937. 

The first flight of the first X-I3, in a power- 
less glide, was to l>e made in June 1939. 
N.AC.A. then .\.A.S.A, did not lHn:!n to flv 
the X-15 ni'.til after its dcliverv to the 
government in March 19ti0. 

Programs like the X-1.5. the XB-7U and the 
devchipment of such cvriiccpts as the area 
rule and variable sweep are the .speetacul.ir 
evidence of vvork done in rest'arrh lalmra- 
tories. But behind thes<‘ t.ingible forms lav 
manv man-years of elfort in the painstaking 
development of .sy.steins and components for 
flight. 

During the siune vears of these aircraft 
devr|opment.s. .N’,\f ‘.\ was laving the ground- 
work fiir th'- (itrades of supersonic flight m 
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inilitan* and coinnirrcial airplanes that 
would surely follow. 

Configuration studies, Iwth i;eneralized and 
specific, were made in wind tunnels, de- 
veloped in theorv-, and evaluated by flight 
tests with rocket-propelled models. Families 
of wing planfonns for highspeed flight were 
dcs’eloped, as were control !!\-stems and 
high-lift devices for the thin swept surfaces. 
Svich aerodynamic contributions to the 
science of highspeed flight as the lou-.set 
horizontal tail, located to avoid pitch-up 
problems, and inboard ailerons, which were 
more effective and less stressing than con- 
ventional wingtip controls, grew out of the 
research programs at Langley. The\' were 
applied to the Century .Series of fighters, 
among other aircraft. 

In structures, the work of the l^ngley 
laboratory found eager acceptance by the 
analysts of flutter and \ibration problems. 
.■\r. accelerated effort began early in 1955 
when the 1 9-ft. tunnel was modified to 
enable tests of dynamic flutter models to l>e 
made. The tunnel then could be run over 
a greater range of Mach numt)ers and 
Reynolds’ Numbers, at an altitude range 
from sea lc\el to an equivalent of 95,000 
feet. 

Tests like the ones conducted in the tnodi- 
fied tunnel, coupled with theoretical analy- 
sis, enabled Langley engineers to make sig- 


nificant contributions to the development 
of techniques for predicting flutter at 
transonic and supersonic speeds. 

Additional contributions were made in the 
areas of fatigue criteria and pr, fiction of 
loads on structures in flight and on the 
ground. 

Helicopter work, which had begun in 
pioneering effort during I.angley’s second 
decade, and was accelerated with the avail- 
ability of the rotor test lower in the next 
decade, continued in ihi.s ten-vear period. 

It involved flight tests of the new machines, 
to gain an appreciation of their handling 
qualities and to help define them for the 
benefit of future designs. .Special helicopter 
airfoil sectiotis were developed, exteiuJing 
inc fundamental work done on airfoil.s !>y 
I-angley in its early wind-tunnel work. 

Helicopter stability, a tough nut to crack, 
was analyzed and methods were developed 
to predict if. The loads imposed by gusts 
and maneuvers were explored in flight and 
in test work on models and full-scale rotors. 

Fundamental work in hypersonic acro- 
dvnamics pointed the way towanl the X- ! 5 
research aircraft program. But it also laid a 
solid foundation for the coming programs 
in manned sp.ice flight and the future appli- 
cations of hypersonic technologx’ to coinmcr- 
cial transport. 
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A lanHing-loads tr^tck l>egan operation dur- 
ing this decade, m ng a car propelled by 
a high-pressure stream of water. The car 
could carr\- typical aircraft landing gear, 
and subject them to the dynamic load 
situations encountered in aircraft landings 
and arrested landings. 

The velocity-gravity-altitude (\'GH) re- 
corders, installea in many aircraft, produced 
data that was used in 1950 to make a world- 
wide analysis of atmospheric turbulence 
and gusts to guide aircraft designers in 
accounting for these perturbations in other- 
wise-steady flight regimes. 

The flexible wing, an entirely new concept 
of lifting stmeture, was conceived just after 
the war at Langley. Patented in 1948 as a 
kite, the flexible wing has grown into a re- 
markable variety of applications where 
lift-drag ratio; need not exceed 3.0. 

This decade saw the sophisticated develop- 
ment of one of the flight researcher's most 
useful tools; The flying-model technique. 
This grew out of earlier work in the free- 
spinning tunnel, where dynamically similar 
models of aircraft were forced to spin in a 
a vertical tunnel test section, and the in havior 
was photographed and obsert ed. 

The idea of the free-spinning tunnel was 
extrapolated to a free-flight tunnel during 
the mid- 1930s. The technique was one way 
to obtain dynamic stability and control 
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1. Structures research at Langley 
included studies ol 

methods to control failures 
of pressurized fuselages. 

2. Ground loads on high-speed 
aircraft landing ge.irs 

are checked on this 
hydraulic-jet propelled carriage 
at Langley's Landing I.oads 
Track facility. 

3. High-speed jct-propclled 
seaplane studies were 
made at Langley. 







1 . The Jubmarir* 
Albacoro, then ihc 
world’s fastrst, was 
tested in model form 
in the Langley full-scale 
tunnel in 19.10. 

2 . Models of the 
Convair F-102 before 
(left) and after (right) 
application of the area 
rule were llighl-tested 
from the Pilotless A.r- 
craft Research Station 
at Wallops Island, Va. 


characteristics on a small-scale ivinoiely 
controlled model. By 1937 a small tunnel 
had been dcs’cloped which was a pilot 
model for later tunnels to come. 

The model work condticted in this primary 
facility led to the constructior. of the 12- 
foot Free-Flight Tunnel, which started 
operating at Langley in 1939. That runnel 
was used until the early 1950s, when an 
improved ttxhnique was developed ana 
applied in the Langley Full-Scale Tunnel. 
That technique, using remote-controlled, 
powered models, is used to determine low- 
speed dynamic stability and control charac- 
teristics. It is primarily a qualitative evalua- 
tion, and the data is in the form of pilot 
ooinion and motion pictures of the behavior 
of the models. 

Other fret'-flight techniques were adapted 
at Langley during this time period, includ- 
ing the model airplane enthusiasts’ U-con- 
trol ideas. I.a.ngley’s Control-Line Facility 
started operation in 1955 primarily to in- 
crease research capability in studies of 
transition of \TOL aircraft. Rapid transi- 
tions from vertical to hori 2 ontal flight, and 
back again, can be made with the control- 
line technique. Tests in the Full-Scale 
Tunnel arc limited to very slow transitions 
because it takes a long fime to change the 
speed of the air stream in the tunnel. 

The end of the decade saw the beginning 
of serious work on hypersonic research. 

The X-15 program ^^•as one manifestation 
of the drive to investigate the upper reaches 
of the .supersonic flight regime and on into 
the hypersonic. 

In 1955 Langley, along with .\mcs Aero- 
nautical Laljoratory, Ixgan to develop a 
series of high-tcmpcrature facilities for 
materials and stniciurcs research. High- 
temperature problems had t)ecn singled out 
as the main banner to the succes ful achieve- 
ment of hypersonic flight, and .N'.AC.A 
wanted to break down that barrier. 

At Wallops Island, Langley was developing 
and firing multiple-stage rocket vehicles, 
aimed at highci speeds and altitudes. On 
August 2-1, 1956, the division launched suc- 
cessfully a five-stage, soIid-propcllant rocket 
vehicle. It reached a speed of Mach 15, 
far into the hypersonic region and begin- 
ning to touch the Mach numbers that 
would l)e encountered in ballistic missile 
rc-entrj’ bodies and in the return of men 
from space. 

At the Langley .Stmcturcs Research Dn i- 
sion, work l>cgan during 1956 on the arc- 
jet facilities who.se abnonnally high tem- 
peratures generated the environment of 
re-entry flight. Two dozen of these arc -jet 
facilities subsequently were developed and 
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used in research on materials and stnicuires 
for re-entry. 

During Jnlv 195?, Langley engineers began 
studies of the use of solid-fuel rockets to 
launch and orbit a small payload. The 
purpose was to develop an inexpensive 
launching vehicle that could be used for 
scientific satellite work. 

What resulted finally from this work was 
the concept and development of the Scout, 
a solid-propellant launch vehicle that has 
been responsibli for lifting many scientific 
payloads into space for government, private 
industrv’ and foreign government space 
efforts. 

Late in 1957, Langley proposed the basic 
ballistic form for re-entry from space that 
was later to become the characteristic shape 
of the Mercury capsule. Winged and wing- 
less glider configurations for manned space- 
craft also were proposed, and later would 
become incorporated in the Dyna-.Soar and 
the .Apollo proerams. 

This decade started with the first probing 
of the supersonic region by a maimed air- 
craft. It progressed, rapidly, through rou- 


tine supersonic flights by military pilots in 
standard service aircraft. ' 

The decade drew to an end with the sudden 
awareness of the importance of space flight 
and the use of space for exploration and 
defense. Sputnik .spurred the rapid develop- 
ment of ideas for vehicles that could get 
men into space and return them safely in 
the searing heat of re-entry. 

The aeronautical techniques developed over 
the years were soon to be placed in the 
sen icc of a new technology whose environ- 
mciU was airless, where winged flight was 
impossible, where aerodynamic controls 
were useless, and where turbojet engines 
could not maintain their internal burning. 
But those aeronautical techniques were to 
became among the most important contri- 
butions to the success of manned spaceflight, 
bcca' ise what went into space had to pass 
through the atmosphere on its way there. 
And what was to come back from space 
had to traverse the atmosphere in the fiery 
rush of its homeward voyage. 

Langley's work was precicstined for the next 
decade. 
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s To comprehend aviation's rate of growth during 
f> the past decade, look back to 1958. Sputnik had 
i just been Iwnched, but th.e world’s air travel was 
j being done in piston-engined airplanes cruising at 
'■[ speeds comparable to those of World War 2 
j fighters. 

'' There were no jet transports in operational service. 
; The giant airliners of the day carried 70 passen- 
gers. More people crossed t' Atlantic by ship 
■ than by air. 

There were no astronauts. Inhabitants of Earth 
had yet to see their own planet from a height 
. greater than a few miles. 7 he Moon was still 
. as far away as the Sun, in terms of what was 
known about it. 

• The exploration of space was being done at its 
•I lower fringes with sounding rockets fired vertically 
into the upper atmosphere. .4 few pioneering 
divers, with self-contained breathing apparatus, 

, were finding the depths of the ocean to be a new 
. frontier for exploration. 

But by 1967, the jet transport dominated the 
; world’s airlines, carrying as many as 250 
j pas.sengers at high subsonic speeds and altitudes 
^ near the stratosphere. 

1 Even larger transports were under construction, 

5 planned to carry up to ten times the number of 
I passengers who sat in the air. , s of a decade 
?! earlier. Supersonic transports were being designed 
I and built, intended to cruise the world s air 
I routes at speeds from two to three times those of 
I the first jets, and from four to «'.v times as fast 
5 as those of the piston-engined transports of ten 
I years earlier. 

^ American and Russian astronauts had orbited 
5 the Earth, walked in space, petformed manual 
I labor in the weightless, airless environment, and 
photographed Earth from altitudes measured 
^ in hundreds of miles. 

I Unmanned satellites and .space probes had 
I landed on the .Moon, photogiaph.’d its unseen 
■f side from lunar orbit, and smveyed possible 
S landing sites for manned missions to follow. 

I The oceans of the world had begun to yield their 
^ deepest secre's to .systematic scientific exploration. 

I? made possible in many instances by the same 
> kinds of A. hi.ulogies that had led to the con- 
'4 quest of the air and of space. 

?, Ten years earlier, jet propulsion and swept back 
wings were found on combat aircraft, and on the 




few jet transports that were just entering service 
with the world's airlines. Supersonic flight 
was the nearly exclusive province of a few military 
pilots, and the majority of supersonic flight time 
had been logged at speeds well below Mach 2. 

But gradually, the tangible evidence of progress 
began to show. In October 1958, jet passenger 
service was started across the .North Atlantic 
by British Overseas Airways Corp., and that 
year, for the first time, more passengers cros.sed 
the Atlantic by air than crossed by ship. 

In 1960, the Apollo project was officially an- 
nouih.d, and the Echo satellite, an inflatable 
balloon for space flight, was launched successfully. 
Cdr. Alan B. Shepard, Jr., became .imerica’s 
first astronaut with a sub-orbital flight as part of 
Project .Mercury in 1961. 

Four pilots of the X-15 research aircraft won the 
Collie! Trophy for 1961. Maj. Robert White, 
US.IF: Cdr. Forrest Petersen, US.V; and two 
civilian pilots from the National Aeronautics and 
Space .Administration, Scott Crossfield and 
Joseph } Calker. 

In June 1963, President John F. Kennedy 
announced that the United States was going to 
develop a supersonic transport. In F'ance and 
Great Britain, a European consortium of aircraft 
manufacturers alieady was hard at work building 
u supersonic transport, still scheduled to fly early 
in 1968. 

On Dec. 17, 1963, just 60 years after the Wright 
brothers took to the air in hesitant flight over the 
sands of Kitty Hawk, Lockheed flew for the first 
time its newest heavy cargo carrier, the C-141.A. 
Other labors at Lockheed were unveiled to an 
awed public when the A-11 was announced early 
in 1964. This .Mach 3 airplane possessed much 
of the technology that could contribute to the de- 
velopment of a supersonic transport, especially in 
the knowledge of the problems of sust.iined flight 
at the tri-sonic speed which cas the goal of the 
U. S. SST program. 

The XB-70 made its first flight, even though the 
aircraft was obsolete from the day it rolled out 
of the factory into the bright California sunshine. 
Two aircraft, which owed much of their 
conceptual designs and development work to 
Langley, made first flights in 1964: The 
General Dynamics F-111, a variable-sweep 
fighter, and the tri-service VTOL transport, the 
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XC-142A, built by a consortium oj l.ing-TmcO' 
Vouglit, Ryan and Hiller. 

In January, 1967, contracts for the develujiment 
and construction of a U. S. supersonic transport 
were awarded to the Hoeing Company, for the 
airframe, and to the General Electric Co., for 
the powerplants. It was an airplane designed 
around the concept of rariable sireepback that had 
been one of the major technological advances 
developed by the .\ational Aeronautics and .^pace 
.Administration, it was intended to cruise 
■'onondcally at three times the speed of sound. 

Early this decade, the .\ational .Aeronautics 
and Space .Administration was formed from the 
.Vational Advisory Committee for Aernnauti, s 
and other research organisations. I hat move was 
a response by government to the apparent Russian 
lead in space. It was a more that would change 
the pace and the extent of spare research ttll over 
the world in the years to follow. And, inevitably, 
it also was to change the pace and the extent of 
aeronautical research in the ( nited States. 

No one action irienfcrcd the explosive ijiowth 
of space programs in the United States 
more than the Russian launchini; of the 
Sputnik I. 

Hardly a month passed after its successful 
orhitinn when President Dwight D. Eisen- 
hower announced the appointment of Dr. 
James R. Killian. President of the Mass.v 
chusetts Institute of Techuoiogv, as a special 
science advisor to the \\ hite House, 

This was followed hy a Congressioital in- 
vestigation of the U. .S. missile and space 
programs and the formation ol special 
committees in lioth houses of Congress 
charged with the responsiliility for .space 
affairs. 

The .\merican Rocket .Society and the 
.National .Academy of .Sciences joined in 
recommending the creation of a .National 
.Space E.stahlishment. 

Ir. January llfftfl, the President's State of 
the Unior. .message to Congress told ol the 
creation of the .Advanced Research Projects 
.Agency to gather together .".11 of the 
anti-mis,si‘" and satellite activities in the 
Dep.artment of Defense, 
l.ater that month, the Senate IVeparedness 
Investigating .Suheommittee svihif.itted a 
unanimous report which aske<l for the crea- 
tion of ar. independent space agency and 
the organizational overhaul of all missile 
and space programs in the Dept, of Defense. 
The President's .Advisory Committee on 
Covermnent Organization recommended 
that all non-military space .activities lie 
gathered together into a civilia.t sp.ace 
agency, vising as its foundation the National 
.Advi.sory Committee for .Aeronautics. Presi- 
dent Eisenhower approved that recommen- 



dation on March 11).A8, and on April 2, 
1958, sent liis hill fot the estaljlishmcnt of 
the civilian agcnc)' to the Congress. 

Bctw’cen then and July 16, Congress de- 
veloped the legislation that was to become 
the National Aeronautics and .Sp.ace Act of ' 
1950. It wT.s signed into law by President | 
Eisenhowci July 29, 1958. ' 

In part, Eisenhower’s statement on the 
signin) of the bill said : 

“The present National Advisors' Committee 
for Aeronautics (NACA) with its large and 
competent staff and well-equipped labor- 
atories will provide the nucleus ' >r N.A.SA- . . . 
The coordination of space exp oration 
responsibilities with N.AC.A’s raditional 
aeronautical research functions is a natural 
evolution . . 

Eisenhower nominated Dr. T. Keith Clennan 
to be the first .Administrator of the new Na- 
tional .Aeronautics and Space Administration 
and NAC.A OiuTtor Dr. Hngn L. Dryden 
to be the Deputy .Administrator. Their 
nominations were approved and confirmed 
by Congress; the appointees were sworn in 
August 19, attended the last meeting of 
NACA two days later, and — on October 1 — 
opened the new agency for business. 

There already had been evidence that the 
natural evolution Eisenhower referred to in 
Hs statement was no figure of speech. Be- 
fore the c.stabli .hment of N.A.S.A, manned 
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satellite programs had been considered by 
N'ACA scientists, and the work had gone 
far enough to recognize some of the prol)- 
lems of the re-entr^- of iiianiud vehicles 
from orbit. Three solutions lud bee. 
proposed The ballistic capsule with he. 
shield, the hypersonic glider, and the lifting 
body. 

NA.SA was assigned resp. nsibility for the 
U. S. manned space 1. ^ht pre^ram in 
August 1958. In its first week of c.'tistence, 
NAS.\ organized the .Space Task Group, 
and based it at Langley. It im hided 4.5 
scientists from the Langley and Lewis 
Research Centers. 

Many of the Langle\ mcmb'''"s of the .‘'par 
Task Group staff were no stranrers to the 
problems of manned space flight. Before 
the Group was organized, they had de- 
veloped the concept of the ’■ Little foe” test 
vehicle, which became a workhorse of the 
Mercury program; they had shown the 
fe.asibility of a manned satellif program, 
using existing interconti...nt,'il ballistic 
missiles for launch vehicles and the ballistic 
re-', itrs- shape as the crew capsule. And 
the contour couch concept — later used in 
all the space capstiles' crew positions — had 
been conceived and btiilt at Langley, and 
tested to prove its feasibility. 

They had drafted tlic preliminary specifica- 
tions for wi.jt was to become the Nlerciirv" 
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program in June 1958. When they were 
appointed to the Space Task Group in 
August, they were ready to go. 

After that date, they designed the “Big Joe” 
test vehicle, proved the feasibility of 
the ablative heat-shield, and developed 
p*wedure trainers for the Mercury astro- 
nauts which were the foundations for the 
complex simulators of later space flights. 

In support, Langley Research Center took 
on the responsibility for planning and 
contracting for the Mercury tracking 
network. 

Langley scientists developed supporting 
programs for manned space flight such as 
Project Fire, wiiich investigated the heat of 
re-entry and its effects on materials; 

Project RAM (Radio .Attenuation 
Measurements) which focussed on the 
pc".’ lems of transmitting through the plasma 
sheath formed around a le-cntering space- 
craft; and the dev'clopment of infra-red 
sensors to tell a spacecraft which way was 
up. 

The automatically inflating satellite, like 
the huge Echo balloon, was a Langley con- 
cept and development: so was the inflatable 
space vehicle, which was one approach to 
the problem of housing men in an orbiting 
laborator>'. 

Re-entry' speeds as high as Mach 26 were 
achieved in multistage rocket firings from 
the Wallops Station in a study of the prob- 
lems of that unique phase of space flight. 

The concept of rendezvous and the staging 
of a space flight from an initial established 
orbit was studied by Langley scientists who 
established the value of the lunar-orbit 
rendezvous, which is the foundation of the 
entire -Apollo program, and which made the 
Apollo program feasible with the available 
sizes of launch vehicles and cre'v capsules. 
More recently, the highly successful Lunar 
Orbiter series of exploration satellites, de- 
signed to transmit topographic infonnation 
about the lunar surface, was conceived at 
Langley and the development program 
managed by Langley scientists. 

Project Mercury grew into Project Apollo, 
in which the first announced go.al was 
simply to sustain an orbit around the earth 
or the moon with a multi-man crew. It was 
later expanded to tackle the jolj of manned 
lunar exploration, and Project Gemini was 
established to solve some of the problems of 
orbital rendezvous and docking that would 
characterize the advanced phases of the 
Apollo program. 

This is properly a history of aviation and 
the developments and contributions of the 
N.AC.A and of .\A.SA to the sciences of 
aeronautics. But these contributions of 


Langley to the space effort are summarized 
here because they illustrate how the basic 
knowledge of aeronautics, acquired over the 
years, evolved into solutions to the problems 
of space flight. 

More than that, they show that Langley 
was able to make major contributions to 
the space programs while still maintaining 
its leadership in aeronautical research. 

The handling of such diverse programs as 
the responsibility for a massive electronic 
netw'ork for tracking a spacecraft in orbit, 
or the development of an inflatable space 
vehicle, is a tribute to the organization of 
the Langley Research Center. 

These tasks were often under scientists who 
worked on a space problem for one week 
and then switched back to aeronautical 
tasks or to re-entry physics. The work was 
done while the entire Langley staff was 
occupied with the problems of reorganiza- 
tion under N.AS.A, with the pressure of 
expanding staff and taciiilics, and with the 
problems of contracting for and monitoring 
or managing programs with outside industrial 
contractors. 

The basic studies of supersonic cruise air- 
craft configurations that Langley had Ijcen 
pursuing for some years began to point 
toward two major areas early ir. this decade. 
First of ihese was tiic multi-mission aircraft, 
a concept of a design that would be equally 
efficient at high and low speeds, and at 
high and low altitudes. This thinking led 
ultimately to the current fonn of the 
variable-sweep wing. 

The other area was the development of 
configurations for a supersonic transport 
which found application to the Boeing 
design. 

In support of both these programs, specific 
solvitions were found to many of the per- 
plexing problems of sustained supersonic 
flight. For example, the studies on air inlets, 
nozzles and exhaust configurations, made 
in the Langley tunnels, have been adapted 
by industry to the designs of the latest mili- 
tary aircraft. Base drag studies, initiated 
as part of the TFX (later F-1 1 1 dcvclop- 
m, .it), made a major contribution in the 
orag reduction program for tnat airplane. 

It took a while before the programs got 
this specific, however. In the early months 
of this decade, the work on variable-sweep 
was almost entirely confined to comments, 
discusuons and tests on the variable-sw'cep 
Swallow concept, developed in Great Britain. 
The Swallow concept was encouraged bv 
Langley personnel who were asked to 
comment, and Ijecame the initial basis for 
a proposal for a joint resea>'ch program. 

The 16-ft. transonic tunnel was to be used 




1 . Shock waves fesioon a 
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for some test.i of the jet exits, and other 
tests, realurin^ a Lan^lcv-suwcsted modifi- 
cation vf the Swallow, were to Im* made. 
Langley took on most of the job of con- 
ftnicting the model and condiictim; the 
wind tunnel programs. The decomposition 
process of hydrogen peroxide was n.sed to 
simulate jet effects in the tunnel tests, and 
the Langley model of the .Swallou is re- 
membered lodav as one of the most complex 
ever tested at the lalioratorv'. 

For various rea.sotiJ. the Swallow work was 
dropped in favor of a configuration with 
engines in the fuselage, and tests were con- 
tinued lO study the characteristics of variable 
geometry. 

The tests that had Iweii made on variable- 
sweep models indicatetl that they all suf- 
fered from iiiajor changes in sl.iliility as the 
wings were swept. This was die reason that 
the Bell X-.'i and (.Jnimman XFIOF-I 


wings were translated forward as they 
were swept aft. 

This was a tnerhanical complexity that 
X.\.S.\ engineers believed they could do 
without, and their testing aimed toward 
that goal, among others. 

Parallel analytical studies on span-loading 
done at Langley showed that if the pivot 
points were movtx) outboard, instead of 
lieing on the centerline, the staliility varia- 
tion could lie reduced considerably. Some 
experiments were done on a model of this 
kind of configuration and they proved the 
basic idea. It was to I'c the key to the 
success of the variable-sweep idea. 

The outboard pivot made it poisilile to 
sweep the wings through a large angle 
without any need for translation. Further 
tests showed that supersonic cruise per- 
formance potential was practically as good 
as the best design-point cruise configurations 









d<"vt'lup«l farlirr. Mach miiulicr for Mach 
mimitcr, there was little to ciu*os*‘ from 
lietwern the variahle-sweep aiqilaiH* with 
uut(>oard pivots, and the liest fi\ed-win^ 
atTaitgcment that could lie dodg’d. 

In mid-195‘1, the Navy was cousiderin*; an 
aircraft for a coiiiliat air pattul mission, and 
NASA conducted a hrieliim for tu}> Navy 
otikrers and stalf on the variahle-sweep 
coiiHi'uration stttdies that had been de- 
\rloped to that point. They were applied 
to the layout of a Naval aircraft weishing 
50,0lK) Ih. which was to l>e capable of doiuc 
the combat air patrol mission pins hii;h- 
altitude attack, and low-le\'el strike mis- 
sions. The co!tcept of the multimission 
aircraft seemed feasible, in the li?ht of the 
available data on variable sweep. 

Tiie Na\y airplane, even thotieh it was a 
pap>er desiitn based on limited winu-tmmel 
data and a paper cnnine, showed so much 
pcrfonnaiKc potential that it cosupletely 
outclassed any wcajxiu system then iHnm* 
built or planned. 

The briefing was repeated for the staff of 
the Air Force Tactical .Air Command Head- 
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quarters, just across Langley Field, and 
tltey suggested that the general staff receive 
the same briefing. This done, N.\SA teams 
presented essentially the same material in 
a series of briefings to industry. They talked 
to tight major aerospace contractors in less 
than one month, acqiuinting them with the 
concept and summarizing the research. 
Before inid-.August 1959 Langley received a 
letter stating that the -Air Force Research 
and Development Comntand was bring 
asked to “t^e a further more detailed look 
at your variablc-stvcep design coiKept as a 
pojsibie solution to .Air Force requirements.” 

A second io*’.nd of briefings, presetiting some 
new data, was made to industry l>ciween 
SeptemlHT 1959 and Jai 'aary 1**60. During 
a Navy briefing, I-angley scientists pointed 
out that the full potential of the variable- 
sweep design would l>est be realized if 
there were a completely new turbotan 
engine around which to build the airframe. 
IXs cIopment work continucu at an accel- 
erated pace, and began to center on the 
requirements of Tactical ,\ir Clomntand for 
a fighter with cxtrr-mrly high perfonnaner 
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at low altitude and the capability of ex- 
tremely loni? rani;e. Langlet' developed a 
series of desi^ layouts, paralleling a similar 
design study done by the Air Force. The 
four models were completely designed in 
detail of aerodynamic conhgurations: scale 
models were built in the Langley shops, 
tested at transonic speeds in the eight-foot 
transonic pressure tunnel, and the data 
ai.aivzed and down to the .-\ir Force at 
Wright Field — all in the time of 13 da\s. 

It was called Project Hurry-L’p, and it 
lived up to its name. 

Briefings, a second phase of “Hurry-Up”, 
more analyses, studies and tests follower* 
rapidly. Free-flight tests were made with a 
model of one of the Navy configurations in 
the full-scale tunnel, in a pacetnaking ex- 
periment in the dwelopment of variable- 
sweep aircraft. Swes'p angles were varied 
from 25 deg. to 75 deg. during flight, and 
no extraordinary probletm, cither of stability 
or control, des'eloped. 

This work, the requirements of the Naw 
and the .Air Force, and the stvidies con- 
ducted by the military sen-ices and industry 
finally coalesced in Febmary l‘Hl|. .Secre- 
tary of Defense RolM’rt S. McNamara 
ordered that the requirements of the .Army, 
the Navy and the .Air Force Ire co:nbined 
into a tri-service tactical fighter. 

The detailed story of the TFX program, as 
it was first called, .and its evolution into the 
F-1 1 1 fighter design, has iK-eo. told licforc. 
Langley's part in the program was played 
from the start, in the development of the 
concept of variahle-sweep that tnade the 
imdti-mission aircraft — of which the F-1 1 1 
was intended to Ik* only one example — 
feasible. Later Langley studies provided 
refined design data and evaluations for the 
military and industry. Finally, Langley 
engineers attacked specific problem are.is 
in the chosen dtsign even after prototypes 
had beeir built aitd flown. 

Late in 1959, a team from f.ang’iey Rese.arch 
Center snmmarized the technical status of 
the supersonic tran.sport in a Washington 
briefing for Lt. (ten. K. R. Quesada, then 
the head of the Federal .-\viatiori .Agency. 
The point in time of the presentation was 
just after a round of detailed briefings of 
the military and industry ou the potential 
of the variahlc-.swcep concept. The intro- 
duction to the supersonic transport report 
stated that “. . . if the mis.sion involved 
flight at only the tlesign supersonic speed 
and ernsing altitude, and if no emergencies 
tx-ciTred, iiitcrcontincnt.il ranges of com- 
mercial interest and iinport.ince cotild be 
readily achieved. The intentiedintc range 
through which the airplane must perfonn 



to reach its supersonic cruise speed and 
altitude and to descend therefrom, how- 
ever, imposes problems that must be solved. 
The research status as of today indicates 
that the proper solutions to tli« off-dengn 
problems ran be provided through some 
form of airframe variable geometry' — such 
as variable sweep — in combination with 
an advanced fan-t>'pe propuldon system. 
The present research positirm is chat no 
fundamental problem appears with regard 
to tltese otT-design conditions that cannot 
be solved by concentrated research cfTort.” 
This landmark report, published later as 
N.\SA Technical Note D-423, “The Super- 
sonic Transport — A Technical Summary'”, 
went on to discuss the perfonnance, noise, 
structures and materia^ loads, fl>ing quali- 
ties, runway and braking requirements, 
traffic control and operations, variable- 
geometry designs and possible areas for 
performaiKe improvements. 

The presentation signaled the time to begin 
serious work on de\'elopment and construc- 
tion of an SST. Within weeks the joint 
NAS.\-FA.^ ptx^ram was well along, and 
within the year, the first contracts h'td been 
let for de\-elopmcnt of components for the 
power plants, pinpointed as the pacing 
proolem in the SST program. 

As in the case of the F-1 1 1, Langley has 
made many contributions to the develop- 
ment of the U. S. supersonic transport. 
Langley scientists have advised on the 
multitude of problems, conducted theoretical 
and experimental analyses, tested models 
in tunnels statically and in free-flight. But 
p>erhaps the major contribution of Langley 
to the SST program was its so-called SC.\T 
series of configuration studies. 

SC.^T — which was an acronym standing 
for Supersonic Commercial Air Transport — 
started with program status at Langley 
sometime during 1%2. Its purpose was to 
develop a configuration that would meet 
the unique requirements of a commercial 
SST over the anticipated performance 
range from takeoff through climb, cruise, 
descent, holding and landing. One goal, for 
example, was to develop a lift-drag ratio 
much greater than that of the B-70 at 
cruise. Other aims included the ability of 
the final configuration to operate at off-design 
conditions economically and efficiently. 

The Langley studies settled down into two 
different approaches early in the program. 
One of these used a variable-sweep wing, 
and designated SC.\T-15, it Ijccaine one 
of the foundation stones of the entire SST 
program. 

The other was SCAT-4, a fixed-wing proposal 
that carefully integrated wing, fuselage. 


engines and tail into a highly-swept, cam- 
bered and twisted aircraft design. The 
purpose was to minimize the wave drag due 
to lift, and this approach produced some 
design ideas that were later extended to 
other aircraft schemes, but have yet to see 
application to an actual design. 

By early 1963, four SCAT geometries had 
been sdected as worth pursuing further. 
They included the SCAT-4 and SCAT-15, 
joined by SCAT- 16, another variable- 
sweep proposal that evolved from the 
SCAT-15 work, and the SCAT-17, a fixed 
delta-winged layout with a forward canard 
surface. Tliis latter \Ttsion had been 
developed at Ames Research Center. 
Industry investigation* of these four con- 
figurations, done under NASA study con- 
tracts, showed that the SCAT-16 arid 
SC.\T-17 had the most favorable per- 
formance. They were to become the baris 
(or the two competing configurations 
developed by Boeing and Lockheed. 

There was a tremendous dividend paid by 
the SCAT and related configuration-study 
programs. Theory and experiment pro- 
gressed side-by-side, with continuing feed- 
back from one to the other. Gradually the 
theories were modified to allow for the 
real-dow conditions. .\s the aerodynamic 
efficiency of each design began to improve, 
so did the ability to predict that efficiency 
by theoretical means. 

This narrowing of the differences between 
theory and experiment, began to yield the 
capability first, to optimize, and then, to 
predict, the aerodynamic characteristics of 
a wide range of aircraft. 

During 1964, this ability to predict per- 
formance was developed into a computer 
program. In application to the SST designs, 
it became possible to predict the airplane 
polar diagram — a plot of the lift coefficient 
against the drag coefficient — within an 
accuracy of three percent. This aerodynamic 
revolution meant that a series of configura- 
tions could be investigated in a fraction of 
the time it formerly took. Small changes in 
design details could be worked into the 
computer program and their effects on 
overall performance predicted within a 
matter of hours. It formerly took weeks. 

A further extension now makes it possible 
to use the same computerized approach to 
calculate the performance of a deflected 
airplane, that is. one that is distorted due 
to its re.sponse to the loads of maneuvering 
or of unsteady flow. 

Finally, the computer program can be 
modified to produce an output which 
geometrically describes the airplane con- 
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Hguration under test. That output, con- 
\crted to a punched tape, can he fed into 
tape-controlled machine tools to pixduce a 
wind tunnel model of the configuration 
study, again within a matter of hours. 

But the cleanest of aerodynamic configura- 
tions with the minimum of wave drag still 
would produce a sonic boom. Langley 
researchers have been working on that 
problem in a variety of ways since the early 
stages of the SST program. 

Their studies have lieen analytical and 
experimental, as is customary with many 
l.angley programs. Measurements were 
made of sonic Ixxtm intensities in fly-bys 
of supersonic aircraft, and the results com- 
pared to theory. Tiny wind tunnel models, 
smaller than z tie-tack airplane, were built 
and tested in supersonic wind tunnels at 
I.angley tc determine the physical charac- 
teristics of the sonic l>oom and the parametc.s 
that caused and changed its nature. 
Engineering ingenuity has made it possible 
to fly the supersor.ic transport l>efore it is 
e\cn built. The proti.type Boeing 707-80. 


w'hich had been utilized in the program of 
l>oundar>-layer control, was further modi- 
fied into a variable-stability airplane, whose 
handling qualities could be varied to 
simulate the approach and landing charac- 
teristics of the SST. Langle) pilots flew the 
modified airplane in a series of tests to 
ex aluate the parameters of the SST, and 
have analyzed the data for industry. 

A joint air traffic simulation program, 
studying the problems of integrating the 
supersonic transpoit into existing air traffic 
control systems, has been underway for 
scN cral years. The cockpit simulator is 
located at Langley, and it is tied into the 
F.AA’s air traffic control simulator at the 
National A\iation Facility Experimental 
Center, Atlantic City, N. J' 

The initial test program was planned to 
study the arrival and departure operations 
of a t>-pical SST — the SC.\T-16 configura- 
tion was used to establish the flight charac- 
teristics — in and out of the John F. Kennedy 
International Airport. 

Experienced, professional airiine pilot crews 
from United .Air Lines and Trans World 
Airlines fle\v the simulated missions, working 
the SST in through in'^oming and outbound 
flights during peak traffic conditions of 148 
operations per hour. These were pioneer- 
ing flights and they quickly delineated some 
of the immediate and long-term problems 
of SST operation in terminal areas. 

I-angley’s longtime experience in stiaictures 
and materials played an important part in 
the screening and selection of cai.didate 
materials for the SST. The standard tech- 
niques of metal testing were used; specimens 
were heated to the operating temperatures 
of the Mach 3 transport, subjected to 
cyc'ic or to steady-state temperatures, and 
tested at periodic inters-als to detennine 
the deterioration of physical properties. 
Other .specimens, which had l>een subjected 
to the he'..ing cycles typical of a number of 
flights in ..n SST, were checked at room 
temperature for fatigue properties. 

Some of the Langley research in subsonic 
aerodynamics is concerned with the develop- 
ment of advanced configuration concepts 
for aircraft. This research could l>c aitned 
at another generation of subsonic trans- 
ports, for example, but wv ild produce 
cniisc speeds higher than those of existing 
jet transports. For example, cruise speeds 
of Mach 0.98 appear theoretically feasible, 
compared to the current average cruise 
speeds near or just below Mac't 0.8. 

One major contribution to such a per- 
formance increase was the development 
of the supercritical airfoil at the Langley 
Research Center. This concept created a 
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Three basic rontif^uratioiu 
of supersonic transports 
were developed at 
l^glev” 
I. SCAT-4 
2. SCAT- 15 
-T SCAT-1 (i 
4 . SCAT-1 5F, an 
advanced concept for a 
supersonic transport, 
was developed and 
tested at LanRley. 

5. Wind-tunnel .and 
frer-flif>ht models 
were extensively 
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scriw of specially contoured airfoil sections 
which produced a more favorable pressure 
distribution around the wing than had been 
possible with earlier, standardized airfoil 
sections. The improved flow field delayed 
the formation of shock waves to higher 
flight Mach numbers, pointing the way to 
major increases in aircraft cruising speeds. 
Visitors to Langley’s Field Inspection in 
1964 were startled to see the original 
Boeing 707-80 prototype aircraft fly past, 
almost lc\el in the air, at the phenomenally 
low speed of about 80 knots. Normal 
approach speeds on the transport arc around 
1 30 knots. 

The diffenmcc was made by a st'stcin of 
boundar\-laycr control, another area of 
subsonic aerodynamic research that Langley 
has been workini; for many years. 
Boundary-layer control, in one form or 
another, has been around for many years 
and used, to a greater or lesser extent, in 
many applications. But boundar\ -layer 
control, in its most promising applications, 
depends on the availability of large quan- 
tities of air which are injected parallel to 
the wing surf.tce or over the leading edge of 
a flap, in order to maintain the flow over 
the surface and prevent boundaiA- -layer 
separation and loss of lift. 

That is essentiallv what was done in the 


Boeing 707-80 prototype. 

Air is ducted along the wings and blasted 
out of nozzles over the leading edges of 
flaps which arc deflected as high as 70 
degrees. A secondary benefit icsults; be- 
cause the engines normally would be run 
at low power settings for the approach, and 
because they must be run at high powers 
for operating the boundary-layer control 
system, there is a surplus of thrust available 
in the approach condition. The Boeing 
707-80 prototype used a thrust modulation 
s>’stcm which gave fast and powerful glide- 
path control, and which was hooked into 
an automatic specd<ontrol system. 

This particular concept of boundary-layer 
control was developed and installed by 
Boeing on the prototype airplane. The 
flight evaluations were conducted by Lang- 
ley- pilots to evaluate and dctenninc the 
handling qualities of large aircraft working 
in a powered-lift regime. 

Some Langley lescarch, like that done for 
the supersonic transport or the variable- 
sweep aircraft, paid off within a few years 
after its initiation. Other research has taken 
much longer to make the transition from 
the proof of feasibility to application. 

In this latter area is the work on gust 
allcx’iation. In almost any airplane, a smooth 
ride is better than a rovigh ride. It's more 
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comfortable for the occupants, it’s easier on 
the structure, it increases the fatigue life of 
the airframe, and — in the case of military 
aircraft — it makes for a steadier weapons 
platform. 

There has long been an interest in gust 
alleviation at Langley; the first serious work 
in that area bears a 1950 date. The theory 
of gust alleviation ^vas explored by Langley 
scientists, and expanded by them into an 
experimental installation on a twin-engined 
Beixh C-45 light transport. 

The system worked; it reduced the effect 
of gusts and provided a smoother ride for 
the crew. 

The flight tests were reported in 1961 in a 
NASA Technical Note. The aviation in- 
dustry, which had Ijcen running some 
parallel studies, wrote parallel reports on 
gust alles'iation systems for such diverse 
airplanes as the Cessna 310 and the North 
American XB-70. 

The Air Force funded a development and 
flight-research program to install and 
r/aluate a gust-alleviation system on a 
Boeing B-52 aircraft. It was successful, and 
led to a modification of one model series 
of the strategic bomber which had been 
assigned to the mission of low-level pene- 
tration. One goal of the program and 
subsequent modification was to increase the 
airframe fatigue life of the bomber, in spite 
of the increased level and number of stresses 


imposed by the new mission requirements. 
Until the X-20 Dyna-Soar space glider was 
cancelled, the program was under the joint 
development cognizance of NASA and the 
U. S. Air Force. The Dyna-Soar was an 
extension of the research aircraft concept, 
and was intended to extend the range of 
performance from that of the X-13 on up 
to orbital velocities. 

Much of the support work for the Dyna- 
Soar program was done at Langley, in- 
cluding tests with a free-flight model in the 
full-scale tunnel to determine dynamic 
stability and control characteristics. 

Other Dyna-Soar technical support in- 
cluded the use of a radio-controlled drop 
model, launched from a helicopter, transonic 
tests in the eight-foot tunnel on the com- 
bination of the Dyna-Soar glider and its 
launching vehicle; transonic stability and 
control tests in the 16-ft. transonic tunnel. 
Hypersonic wind tunnel tests of the ,yace 
glider were made in Langley’s 1 1-inch 
hypersonic tunnel at a Mach number of 
9.6, to determine stability at low angles of 
attack and to check the effects of nose and 
canopy shapes on the stability. 

Dyna-Soar used a unique skid landing gear 
system, rather than conventional wheels, 
because any ordinary materials used for 
tires would melt in the heat of the re-entry 
process. The Dyna-Soar landing gear was 
tested on the landing loads track at Langlcv. 



1. Boeing 7U7 prototype 
was flight-tested at 
Langley to es’aluate sys- 
tems for reducing takeoff 
and landing speeds and 
distances. 

2. Full-scale prototype of 
XV-8A '‘Fleep”, a flex- 
wing aircraft built by 
Ryan, was “flown” in 
the full-scale Langley 
tunnel. 

3. Transporting a Saturn 
S-1 booster on a modified 
Douglas C-133B was 
studied in wind-tunnel 
tests at Laneley. 

4. Newest heavy logistics 
transport, Lockheed's 
C-3A, undergoes model 
tests at Langley. 
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Heat transf<;r measurements and flutter 
characteristics of the Dyna-Soar were other 
problem areas studied at Langley. 

Work on the Dyna-Soar and the X-13, plus 
theoretical studies conducted during recent 
years, has pointed the way for research 
on hypersonic vehicles with typical cruise 
Nfach numbers of 7. At operational speeds 
like these, an aircraft would develop tem- 
peratures above 2,000F on the nose cap 
and 1,600F on the leading edge of the wing. 
Basic work at Langley has concentiatcd in 
three general areas of hypersonic cruise 
vehicle problems. 

First of these is the configuration study, 
where proposed shapes 'or the most effi- 
cient flight at Mach 7 arc analyzed and 
later tested in hypersonic wind tunnels. 

But given the extreme temperatures of 
hyp'rsonic cruise flight, unusual stnictural 
concepts must be developed to enalile the 
vehicle to survive in one piece, and to 
protect the occupants from excessi .'c 
temperatures. 

Langicy has conceived some structural 
approaches i.i carry' the loads, sustain the 
temperatures, house the fuel and insulate 
the passengers. One such <tnictural concept 
uses a thermos bottle effect. Liquid hydrogen 






fuel is cuntained inside one structure; and 
a second structure, the primary load carrier, 
is concentric with the inner tank structure. 
The outer shell, planned to sustain the 
prirnar' loads at the elevited temperatures 
to be encountered, is made of a superalloy. 

■ ' choice of materials, and the develop- 
i.ient of new ones for the job, is tha third 
area where Langley research studies are 
making positive contributions. 

A hypersonic ramjet engine was built for 
Langicy by the Garrett Corp. It wts de- 
signed for speeds between \Iach 3 and 8, 
and was planned around a flight-research 
program using the X-15 as the carrier 
vehicle. But that aircraft program was ended 
before mosi of the ramjet tests had been 
done, and the engine eventually was proven 
in principle by cold and hot runs in NAS.A 
ground test facilities. Supersonic combi otion 
was achieved during the tests, and the p< r- 
formance confirn ed '.he basic engine design. 

Langley jui dims for the e’esign of the 
engine suggested a p-*inimuin number of 
moving paiU in the engine itself, and 
emphasi-trd the internal flow and the 
aeic.hvTmoc’ . mmics of the cycle. Neither 
mi vimnn drag nor (•ptimutn cooling was 
requested . W( '.t limitations demanded 



I. Vcrtol 76 tilt-wing 
VTOL aircraft was 
evaluated at I anglcy using 
a free-flight model 
and 2. the actual 
airplane. 

i. British Hawker 
P.I127 V/STOL tacti- 
cal fighter development 
aiicraft, was flown at 
Langley in the free- 
flight tunnel in model 
form and in tests. 








highly refined structure, nnd the regenera- 
tive internal cooling is also highly refined 
to use a minimum amouiU of the liquid 
hydrogen fuel. 

Much of the pioneering work on the nrob- 
':ns of aerodynamically heated vehicles 
nas been done in the nine- by six-fo t 
thent.al structures timnel which has been 
operating at Langley since 1958. It dupli- 
cates the flight environment at soeeds up 
to Mach 3 by using hot air in the test 
section. 

Toward the end of this decade, a new 
facility \.as opened at Langley to test 
structural concepts and components at very 
high speeds and the corresponding tempera- 
tures. This eight-foot high-*<*mperature 
Structures tunnel is large ti.jugh to check 
the effects ol air loads and aerodyn.amic 
heating on major pieces of hypersonic air- 
craft designs at speeds as high as Mach 7. 

\t the opposite end of the speed spectrum 
from the hypersonic transport arc the 
V'/STOL aircraft and helicopters. A rr.ajor 
program at Langley in recent years has 
been the evaluation of handling qualities 
of the wide variety of these aircraft. Test 
vehicles and production aircraft alike have 
been assigned to the flight line at La.'s* ", 


instrumented and flown through a scries 
of test programs that gave new information 
on the way these aircraft hew. 

In V/STOL, one of La: glcy’s contribu- 
tions has been the concept of the tilt-wing 
layout which evolved into the td-scrvicc 
\7STOL transport, the XC-142.^, 

The first flying model of the tilt-wing con- 
cept, plus test work uonc with models in 
the 17-foc low-snecr! wind tunnel demon- 
strated partial leasibilip/ of the concept, 
confirmed that it could hover and could 
make the transition between vertical and 
horizontal flight modes. 

The work broke into three phases: Wind 
tunnel studies on a small scale with a variety 
of configurations; large-scale research with 
big models in such tunnel, as the ' mes 40- 
X 80-u. tunnel, and flight investigations in 
prototype or research air raft. 

The flight test prognir on the \'ertol 76, 
which was evaluated xtensively and modi- 
fied at Langley, documented the handling 
qualities, the approach and hover pha.ses 
of fiigh* this th.-wing aircraft. 

When the tri-scr\icc transport requirement 
was initiated, Langley moved into the sup- 
port work for the aircraft development. 

Part of that work included frec-flight tests 
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inrnt of the aiivraft instniincnCation 
available to him. The maintenance of a 
constant and controlled flight path is an 
al>solntr necessilv in bad weather and night 
flying, l>oth point-to-point and in the 
terminal area. 

As the traflic mi.x at airports l>egan to 
include larger and larger jet aircraft, as well 
as small, single-engined or light twin- 
engined types, the proldem of wake_ 
turbulcJKe came to the fore. A large and 
heavy aircraft, taking oiT or landing, leaves 
Irehind it invisible streamers of tnrljulent 
flow, s\virling in vortices with strength 
enough to overturn a lighter aircraft. The 
hazard is oh\ ions. The instrumented study 
of these wakes Iregan at l,angl'.‘y during 
this d'rcaile, and has since Ireen expanded 
to otner centers with particular capabilities 
to dctf'ct, measure and analyze this problem. 


Another takeoff problem is posed by slusli 
on the runu ay, which can extend the takeoff 
run required to the point whe? e actual 
liftoff is impossible within the dimensions 
of the longest runways. Langley studies 
of the slush problem led to the current 
practice of rrfusing takeoffs on runways 
with more than one-half inch of slush. 

This decade saw the emergence of some 
new problems — like wake turbulence — 
that had not existed before, and the de- 
velopment of some new concepts — such as 
the supercritical wing — that were slated to 
affect aircraft des eiopment for years to 
come. The presence of .N.-kSA research 
showed almost everywhere in the routine 
operations of aircraft, in the dc\ elopmcntal 
flight tests of experimental prototypes, or in 
the design stages of new approaches to the 
frontiers of flight. 



I. Smokr defines vortex 
flow p.uh over this 

1. an|tley model of a 
liViiersonic eniise aireraft 

in low- speed tests. 

2. North .\merican 
XB-70 des elopment 

program w.-ut supported 
with wind-tunnel tests 
done in many (.anelry 
faeilitics. 

3.Tiny mmlels of typical 
•■'personie transport 
shafses were rhes-kesi in 
large sitprrsonir uimi 
tunnels to evaluate 
ssrnic Itsxrm. 











The decade had begun with three programs for 
supersonic transports actively underway. In the 
United States, contract awards had been made to 
Boeing and General Electric in Af ril 1967 for 
airframe and powerplant developme t and con- 
struction. But within a few years, it was evident 
that the state of the aeronautical art was not up 
to building an economical and environmentally 
acceptable SST with a substantial performance 
margin over the competing designs. The V.S. SST 
was delayed for one redesign cycie and then 
terminated in March 1971 by the Senate's 
refusal to vote any more money for its continuing 
development. 

The .Anglo-French Com'orde had been rolled out at 
the end of 1967, and first flew in March 1969. 
Service by British .Airways and A’r France began in 
January 1976. 

Russia developed its SST along lines that were 
similar to those of the Concorde. .After a long and 
hidden gestation, the Russians 'ook the Tu-!44 
to the 1973 Paris .-1/V Show. In view of thousands, 
the Tu-144 broke up in midair and crashed into a 
French village. The blotv was a bitter one, but in 
December 1975 the Russians began route-proving 
trials between .Moscow and .Alma .Ata, a routine 
step in the service testing of their new civil 
transports. 

The OPEC countries quadrupled the price of 
crude oil from their wells late in 1973 and the 
great energs crisis began. It changed the direction 
of aeronautical research throughout the world. 


jasefcsmmaammi 


The decade had seen the first flights by the 
Russian Tu-144 and the .Anglo-French Concorde 
supersonic transports, and the wide-bodied 
Bating 747, McDonnell Douglas DC-10, and 
the Lockheed 1011. Four new US fighter types — 
the Grumman F-14, McDonnell Douglas F-15, 
General Dynamics TF-16 and .Vorihrop TF-17 — 
made their initial sorties into the air. The 
Rockwell International B-1 strategic bomber and 
the Boeing E-3.A airborne warning and control 
aircraft first fletv in these years. So did the 
McDonnell Douglas VC-15 .vul Boeing VC-14, 
both advanced cargo aircraft u.sing powered lift 
.ystems that otved much to the research of the 
.\ational .Aeronautics and Space .Administration. 
.And the decade ended with the Space Shuttle 
Entaprise flying for the first time in -"’4-1977. 
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With many kinds of fvtcrnal and internal 
pressures for space progress acting on NASA, 
some oliscivers concluded that additional 
emphasis should lie given to aeronautical 
research. 

An ollicial prod came from the LTnited 
Stales Senate in January l‘k>8, in its Report 
No. 957, AfrMautkai Rfsranh and Dfvthp- 
mmt Poluy. Sponsored hy the Se*nate Com- 
mittee on Aeronautical and Space Science;', 
it came to the conclusion that NASA should 
increase its aeronautical effort. 

Th« -Senate Committee recomme ided that 
particular attention Ik* paid to the develop- 
mental pl'.ase of aircraft programs, and that 
N.A.S.\ should extend its reseaich progi'ams 
through proof-of-concept testing so that 
aiicraft tlesigners would have a larger 
numiK'r ol sulistantiale<' options availalile. 

Further, it recommended that NAS.A 
improve the internal status of aeronautics 
by raising the program activity to a major 
office level. 

There are three broad areas of X.AS.A 
interest in aeronautical research, develop- 
ment and testing. The first is in concepts, 
where the fundamental considerations of 
aircraft layout and geometry arc first met. 
The stTond is design, tvhere engineers have 
to detennine which structural appro.wh to 
use, or which inlets to install. Then, because 
N.-VS.A does not build airplanes, there is a 






gap in the agency’s work on any specific 
program while the airplane is being built 
and placed in operation. Then NASA comes 
back into the picture, studying its third area 
of interest: aircraft operations. 

NASA applied a four-fold approach to the 
solution of aeronautical problems; Theo- 
retical analysis, wind-tunnel tests, simulation, 
and flight research. During this decade, 
NASA’s aeronautical research and develop- 
ment was done at four of its research 
centers, primarily; Langley, Ames, Lewis 
and Drjden (the latter had been named 
originally the Flight Research Center). 
Langley- and .•Vines worked on the broad 
problems of aeronautical research and 
doelopment; Langley concentrating on 
long haul and .\mes on short haul aircraft 
technologs’; Lewis specialized in power- 
plant studies and testing, and Diyden 
remained primarily a flight research center. 
This decade also saw a further shift away 
from the traditional N.\C.\ method of 
managing research and de\elopment. N.^C.\ 
did almost all of its aeronautical research 
with its OV.-U people, in its own facilities, 
with input from its advisors’ committees. 
When it became N.\SA, and was limited in 
its capabilities to dcs clop and construct 
such massive items as spacecraft launch 
vehicles, it turned to the aerospace industrs- 
for help. Outside contracts dominated the 


space program, and gradualty took over an 
increasing share of the aeronautical pro- 
grams as well. 

One of .N.\SA’s major projects at the start 
of this decade was support of the DOT 
supersonic transport program. Charged with 
maintaining the technological superiority 
of U. S. aircraft designs, N.'\S.\ had been 
working on the problem for scs-eral years, 
de\-eloping configurations and studying 
their performance. 

A series of designs had been carried through 
the preliminary phase, and two basic SCAT 
(Supersonic Coin.aercial .Air Transport) 
configurations liecaine the keystones of two 
competing transport studies det eloped by 
industry. 

The Boeing Company study was chosen by 
the DO r, contracts were awarded and then, 
in 1971, the program was terminated by the 
refusal of the Senate to \ otc any more funds. 
The problem in 1971 was that the technol- 
ogy base didn't seem capable of producing 
a supersonic transport design th.it would 
have competitive economical performance. 
Concern with its noise was another factor, 
as was its potential for atmospheric pollu- 
tion. So the fundaiuental reason for the 
failure of the SST program in 1971 was its 
technological shortcomings. qH 

But technologi’ increases with time, and ^ 
Congress recognized that supersonic trans- 



SCAT 15F, here shown 


port research ou^ht to lie kept alive and 


in wind-tunnel model 


healthy. It probably would pay ofT at some 


form in the Langley 


time in the future with a second' 


transonic tunnel, is one 


generation SST that could lie a powerful 


of the most developed 


contender on the world market. 


candidate configurations 


So during the two vears after the termina 


for a future SST. 


tion of the program, government binding 


was channeled into some of the critical 


research programs, particularly in the 


fields of noise and materials research. But 


more was needed. In fulv 1972, N.\S.\ 


received govemtnent encouragement and 


funding to embark on a program of research 


on supersonic aircraft. .A year later, this 


became the SC.\R (.Supersonic Cruise 


Aircraft Research) program, planned to 


dcs elop a technologs' liase that would be 


useful to guide decisions required for future 


supersonir aircraft, both militarv' and civil. 


By the end of this decade, a baseline SST 


conrept had been identified, and sf'.dy 


teams were busy developing and refining 


its characteristics. The baseline was the 


.SC.AT l.rF, an arrow-winged configuration 


developed some years earlier during l.anglev 


.studies for the first round of .SST work. 


The I9’7 .SST design ronrept showed major 


improvements ovei its 1971 forebears: a 111) 


percent improvement in lift drag ratio in 













































Ixith the transonic and supersonic retpons; 
a reduction in stnictural weight of 10 
percent and of stnictural cost of 30 per- 
cent; engines that will l>e 25 percent 
lighter, will burn 30 percent less fuel at 
sulwonic speeds, and have noise trails 
acceptable by existing criteria. 

One of the harriers to new aircraft dct’clop- 
ment is the cost of manufacturing. Tra- 
ditionally, airplanes have been buil' from 
many thousand i oi little pieces, gradually 
joined into larger pieces, and finally formed 
into a single aircraft. The multiple handling, 
the fuss’ness of the detail work, and the 
numbers of pieces have all contributed to 
the cost. Production engineers have 
longed for an airplane which could be cast 
in a few large chunks. 

Their idea! airplane may never l>c realized. 
But some of the manufacturing technology 
developed during the SCAR program comes 
fairly close. .Superplastic forming, which 
molds large sheets of metal at high tempera- 
tures into complex contours, has c\ olvcd 
as one way of beating the high cost of 
manufacturing. It promises to be one of the 
major developments in aircraft structural 
design and manufacturing, and its use on 
any future supersonic aircraft will reduce 


manufacturing costs. 

Another .structural approach is the use of 
composite materials, a departure from the 
traditional aluminum, stainless steel and 
titanium alloys used in aircraft. Composites 
are pl.astics, generally, strengthened with 
fibers of materials such as boron or graphite. 
These composites are light for their 
strength, and can be fabricated in small or 
large structures. They have been used in 
spacecraft, and are Iwing tested as secondary 
stnicttires on in-s'-rs icc aircraft. Some 
composite spoilers, for example, have been 
installed on 27 twin-jet transports flying 
with short-uaul airlines. Other pieces, such 
as fairings, or a complete rudder assembly, 
have l)ccn installed on transport aircraft 
and arc being tested through long-time 
exposure to the airline environment. 

As one result of the 1 973 fuel crisis, N.'^.S.A 
redirected its transport technology program 
toward research on cnerg;.-cfHcicnt aircraft, 
and on the study of alternate fuels. 

Fuel consumption is. of course, the pre- 
dominating factor. Early in this decade, the 
airlines .spent perhaps 20 percent ot their 
direct operating dollars on fuel. By the end 
of the decade, that percentaiiC had n; 're 
than doubled. .So it was logic il to make the 
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first attack on the engine. But other factors 
detenninc fuel consumption as well. 
Airplane drag, for one. Airframe weight, 
for another. Any program that considers 
fue' consumption has to look far beyond 
the engine. .\nd that is the puipose of 
NASA’s -Aircraft Energy Efficiency (.ACEE) 
Program. 

Early studies show that the advanced 
engines powering the transports of the 
1970s were very efficient in burning jet 
fuels. .Advancing engine technologv' holds 
promise of at best a five to ten percent 
reduction in fuel consumption. 

.A significant saving — ^perhaps 1 5 to 20 
peicent — could be achieved by des eloping 
a new generation of turboprop engines and 
their associated propellers. 

Composite structures, with their iirtprovcd 
strength weight ratios, offer gains Ijetwcen 
ten and 1.5 percent. .Aerodynamic improve- 
ments, another ten to 20 percent. Laminar 
flow control — which equates to a major 
drag reduction — offers a gain of 20 to 40 
percent in aircraft efficiency. 

These individual gains can l>e integrated in 
a single design that offers a potential reduc- 
tion of 50 percent in the fuel consumptioti 
of an advanced transport type. 

NAS.A is pursuing that goal, with work 
being done primarily at the Langley and 
Lewis Research Centers. 

Engine component development, for 
example, and the study of new engine 
types, are being done and monitorecl at 
Lewis. Laminar (low control, composites, 
and the concepts for energy -efficient 
transports arc l)cing studied at Langley. 
Industry is involved in all of these subjects, 
through study o. development contr.icts, 
supplementing the X.AS.A research and 
carrying it into components and full-scale 
test structures. 

The energy-efficient aircraft program is too 
young to report final results in this decade; 
it is planned to develop basic configvtration 
choices by 1980. 

Some near-term applications are available 
that could !)c added to existing transport 
aircraft designs either as a retrofitted 
modification or as a production-line 
improve.Tient. 

They include a high aspe-ct ratio super- 
critical wing, which would produce major 
improvements in the lift drag ratio, a 
governing factor in the economy of cruise 
flight. Winglcts, small aerodynamic surfaces 
angled upward and aft from the wingtips, 
offer drag reduction in cruise and climbing 
flight. 

Modified or retrofitted engine nacelles. 


new high-lift devices, active control systems 
all show both near- and far-tcnji potential 
for improving the fuel consumption of 
aircraft. 

Experimentation to reduce the noise of jet 
engines has been u.xder way almost as 
long as there have been jet engines. During 
this decade, the emphasis was on com- 
munity noise, the sound produced by an 
aircraft testing off or landing. 

In 1974, Langley opened its Aircraft Noise 
Reduction Lal'catorv, to serv,’C as foccil 
point for iwise rescarcu and :o lead NA.SA 
and industrial research programs in a gen- 
eral attack on aircraft noise. Part of its 
planned program is fundamental research 
to understand how noise is generated and 
how it can be measured. Another major 
portion of research will be turned toward 
the understanding of human reactions to 
noise. The third research capability of this 
laboratory will be the development of 
techniques for noise reduction. 

Meantime, work on quiet engines had been 
a cc.Tter of attention at Lewis. Beginning 
in 1966, that Center had been working with 
industry' and in its own engine laboratories 
to develop an engine with a noise level from 
15 to 20 PNdB (Perceived .Noise Decibels) 
below the levels of the engines powering 
the long-range transports then operational. 
Out of this and other N.AS.A work ha\ e 




come the quiet nacelle program, a retro- 
fittable modification c.pable of reducing 
engine noises substantially, and the quiet 
engine, a major development contract 
managed by Lewis. 

Digital fly-by-wire is one technique that 
may find application in advanced transport 
aircraft, as well as in military aircraft. 

Fly-by-wire saves weight and complexity in 
any airplane, and — in military types — 
offers the extra advantage of being less 
susceptible to weapon damage. 

NASA’s first approach to the fly-by-wii e 
control system was made on its spacecraft, 
and an Apollo system later was adapted to 
a Vought F-3 test aircraft in a flight 
research program at the Drydcn Flight 
Research Center. 

Laminar-flow control ssstems start with a 
wing that is slotted or perforated around 
its surface. By sucking air into these slots or 
holes, the airflow o\'er the wing is kept 
smooth and the formation of turbulence is 
delayed or even eliminated. Consequently, 
drag due to turbulence is reduced toward 
the vanishing point. 

The advantages arc obvious, .and a few 
minutes’ reflection sho\/s th'* disad\ antages. 
Manufacturitrg a wing full of tinv slots or 
boles is one. Simply keeping the sl<jts and 
holes clean is another. .XAS.A’s Dryden Flight 
Rc.^arch Center conducted a flight program 


ORIGWAL PAGt « 
Of POOR QUALITY 


1. I.cailing-edgc slots 
were wnc system of flow 
control ev aluated on this 
light twin-engined gen- 
eral aviation aircraft 
tested in the Langley 
full-scale tunnel. 

2. The advanced tech- 
nology light twin aircraft 
in one of its test guises, 
with winglets at the tips 
and its wing and body 
tufted for How visualisa- 
tion. Tlie tunnel is the 
full-scale facility at Lang- 
ley Research Center. 
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with its JctStar aircraft to study ways of 
keeping i typical laminar-flow wing section 
clean and free of bugs. 

These disadvantages look as if they can be 
beaten, and the potentia' for gain is so 
great that laminar-flow schemes may yet 
see service on production aircraft later this 
century. 

But some predictions forecast that the end 
of this century will correspond with the 
end of the oil reserves. What then? There 
are other fuels, of course, and liquid 
hydrogen is one of them. It is clean- 
burning, high-efficiency fuel, suitable for 
aircraft use. Its drawbacks are two: Its 
bulk, because of its light specific weight, 
and a generation conditioned by the fiery 
crash cf the Hindenburg dirigible. 

Yet NASA was the world’s largest user of 
liquid hydrogen during the space program, 
and did not have a single accident at- 
trib’ table fo the fuel. Studies at Langley 
and Lewis Research Outers have concluded 
that hydrogen is feasible as an aircraft fuel, 
that it is at least as safe as conventional 
jet fuels, and that the required hardware 
for aircraft fuel systems also seems within 
reach. 

The limiting factor la air transportation is 
the traffic capacity of the system. That’s a 
truism for any form of transportation, but it 
is especially emphasized by the nature of 
the air traffic control system that has been 
so painstakingly developed over the years. 
With rare exceptions, every airplane must 
approach its destination along a single 
defined path, at a constant descent angle, 
and with a minimum spacing of several 
miles between itself and the one ahead 
and beluiid. 

Under instrument flight rules, the capacity 
of the system decreases to less than half of 
the capability when visual flight rules apply. 
The additional delays due to weather — 
such as waiting in a holding pattern for 
cleaiance to land — ar: expensive. They 
have been estimated to cost the airlines of 
the United States 5150 million each year, 
and to waste 400 million gallons of fuel 
each year. 

T o increase the capacity of the traffic system, 
something has to be done about the terminal 
?rea. Parallel runways have been suggested, 
,ind are in use at a very few airports. But 
otherwise, the restrictions of c single entry 
path, a common glide path, and a minimum 
separation remain as limiting factors. 

The reason for t’le separation in distance is 
the vortex probie.n. Any airplane, operating 
at the high lift states required for landings 
and, to a lesser extent, takeoffs, produces a 
trailing stream of t>vo invisible vortices. 


one from each wingtip. The vortices ait 
powerful, and persistent. They can remain 
near their pu»nt of generation for several 
minutes, and they are strong enough to 
seize a lighter airplane and roll it completely 
over. 

Anything that will reduce the strength of 
tip vortices will help the traffic problem by 
permitting a smaller separation between 
aircraft on final approach. 

Several NASA research centers have been 
working on various portions of this problem. 
Marshall Space Flight Center, because of 
its expertise in spaceflight instrumentation, 
was able to contribute in the development of 
new instruments to detect and monitor 
trailing vortices. Ames Research Center 
scientists studied ways f > reduce the in- 
tensity of the vortex at its source, breaking 
it up bv some external aerodynamic surface 
like a spoiler or flap, or by injecting air or 
exhausi into t'^e swirling flow. 

Both Langley ^nd Dryden centers worked 
on flight an^ysis of the vortex, trying to 
understand its generation mechanism, and 
to get some nambers for the strength of the 
vortices created by different airplanes under 
different load am,' fl’ ht conditions. 

Although NASA had experimented with 
many different techniques for approach and 
landing at airports, there had not been 
any single program that attempted to 
combine as many of the elements as 
possible. But in 1973, NASA's Langley 
Research Center acquired a sophisticated 
and versatile research tool to begin a de- 
tailed and systematic approach to the 
combined problems of the terminal area. 

The Terminal Configured Vehicle (TCV) 
is a Boeing 737 twin-jet transport, which 
has been equipped with a second cockpit 
inside its spacious body, and crammed 
with electronic instrumentation. The TCV 
program has a simply stated goal: To 
uncover technology that will improve 
operations in termi al areas. 

Langley is working closely with the Federal 
Aviation Administration on this program, 
because of FAA’s .esponsibility for overall 
development and operation of tht national 
air traffic control system. Specifically, one 
aim of the program is to use the systems 
that are being developed by F.AA foi what 
is known as the Lipgraded 3rd Generation 
Air Traftic Control System. 

The opentional goal of that system’s 
development is to enable aircraft to land 
at a terminal on parallel runways spaced 
2,500 feet apart (half of the current standard 
separation) with a 40-second time separa- 
tion between successive aircraft. They 
should intersect the final approach glide 






1. Display of the elec- 
tronic aititudr director 
indi r;or (EAD1^ in the 
termii'al configured 
vehicle second cockpit is 
superimposed on a runway 
presentation by low li^ht 
level television to she » the 
accuracy of approach 
flying by the EADI. 

2. The second cockpit of 
the terminal configured 
vehicle is used for flight 
control of the program. 

To the standard cockpit 
pres'ntations it ad >s 
special displays and 
electronic aids, developed 
fur the program. \t the 
center of pilot's and co- 
pilot’s panels are the 
electronic attitude d-rec- 
tor indicnors and the 
elect'. It.’. I’, 'rizontal 
situation indicators. 





I. Modified OV-lOA 
Bronco i-tcd rotalinK 
cylinden (o energize the 
air ahead of its Hap s^'sicin 
for lift au^entalioo. 

3. With flaps fuUv dc- 
Hreteu, th' DITC NASA 
augmmtor wing reseirch 
airplane holds a slow- 
flight pose. 




path 1.5 nar.tical inilrs from the rutusay 
threshold, and would use pto^rannueH 
highspeed tiii noffs t • clear the ruttway 
rapidly after touchdown. 

All of these dimensions are considerably 
less than we now use in the air tralhc 
control system, and — if achiesed — would 
increa.se I’le capacity of the systcii. seseral 
times over. 

The second co kpit in the TC\' is the con- 
trol center for ail of its research flights. It 
includes all of the latest developments in 
pilot dispLvs, generated by such adv need 
traffic control systems as the MI„S (Micro- 
wave I.anding .System), a precise and 
versatile guide for landings in instniinenl 
weather. The nonnai cockpit of the 737 is 
used by two saf-ty pilots. 

During the TCV program, one >f the most 
important phases was a demonstration made 
during May, 1976, to the .All-Weather 
s>pcraiions Panel of the lr.t‘’rnational Civil 
-Aviation (Organization. The demonstration, 
’■”r. in cooperation with the F.A.A, featured 
the s)'stem advanced by the I'nitcd .States 
as an intci nation t> standard for Microwave 
banding Sys: i.s. 

Instead of the usual approaches the TCV 
aiqiiani. was flown on thrce-diini‘nsir>nal. 


cun ing, descending ap*- 'aches following 
the guidance proxided le Microwave 
Landing Systems (ML.S). it made the 
transitions from .hat descent to a short, 
straight final approach only three miles long, 
and then landed, using the .ML.S equipment 
for guidance thronghont the landing. 

•As an added, but unwanted, factor at the 
de.non.stration, there were severe wind 
conditions at tne .airport, resulting in tail- 
wind and crosswiud components as well as 
wind shear of high intensity. 

The demonstration went smoothly and 
impressively. .As an additional Itctiefit the 
curving descent and short approach means 
that much greater control over noist' can be 
obtained in the temiinal area. Fniure 
transports should be altle to make their 
letdoxvns iT.der gnidanix from the MI..S 
oxxr area.-! where the noise- problem wonIJ 
not lie so .severe, and then lie guided o'. to a 
short final with minimum noise expo.-.niv to 
the sensitive areas liclow. 

•N.A.S.A engineers, in the mid I9.')0s, had 
Ijcgun a program to studs powere'd lift, 
using the energy of the iet exhaust or 
other sources to create a lifting ft>ree that 
rnuld lie added to that of the wing, ['his 
combined lilting .system might make it 
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pt^iiMr lo ,K-hirvi‘ sliort, »>r c\rn vorlii'al, 
iak('i>t!s aiid Iandini;s. 
t >tu wav Co t!o tlu< was to diirct llvv jot 
I'xh.iust aicainsi sanu- Uiul of vxtfriial llap 
syscciii. riu’ oiis;iiu's on most j«'l transports 
wrrr rouvrnioitlv Ux'ati-tl in uiuicrwimt 
nardli's. anil that installation Inn itsi-lf to 
ihr ill" I'lopnu'nl of an I'xmnalK lilown 
ll.ip svstnn for nownril lift. Karlv work on 
tl’at tv|n' of svstnn was'l.nu’ at Laimli-v 
ami Amrs, iisini* a series of wiml-tnnnel 
•'■kI -Is in the well-instrnninv'e;l faeilitii's 
at U)th eentns. 

An alternate sehnne that eanie i«n of the 
stmlies was a Mm. n tl.ip svstnn in vvliieh 
the exeess I’xh insi w.is ilneteil over the lop 
of the wiiu: ami ilirix'teil hv .lermlv naioie 
foives .iloni: the eoniiMis of .1 slotie.! Il.ip 
s>slnn. 

Both fonns of fl.tps h.tvr since Iveen applied 
to ’he Ivvo eontnulers in the Air Foive 
•Mvancixl Medinm STv'd, rransnort 
(.WI.''!') competition. The IWi it; VC-14 
fea. tires twin emjines ami an irvrnvim; 
hlown (lap. rhe McDonnell Ifonvtl.ts VOl'v 
e,#i'.s four emtines ami an extemallv hlown, 
nmler ‘ni; Map wstein. Roth aiivr.ifl were, 
hv niiil-l‘>77, well into their Miuht resr.Tivh 
|•rol;r.nns with the I'.s.M'. ami il.na from 


those test.s are l>eim; fed luck to N.\,S.-\ for 
continuation of the basic iles:i;n ilata de- 
veloped from mode! tests ami analysis 
Data from the AM.'S I' pro«;rani and the 
.\ \,S.\ .Vines Q'tiet ''horth.uil Ri'siMrch 
.Viivraft proiiranv will pivviile powered-lift 
information for future civil f.insport 
aiivaft di*sii;n. 

■Another svstem for powertd lift t< the 
anmnentor vvim;, a concept that vv.as first 
studied .tnd then U*strd in the .Ames wind 
tiinnris, and linallv hiiilt into a ituKlilicd 
de llacii!and C-H.A Ritir.ilu aircraft. The 
development pro»;r.rm vv.vs a jon't .cntni • 
hy the C.inadi.iii i*ovcrniiient. N’.AS.A, and 
indnstrirs on Inith siiles of the Iwnler. 

In the .uiv;nvenior wint;. a separate jet 
enc‘ • pttmps air throm;h the iittei ior of 
the .vmi; and into .a slot ihc.id of the vvinti 
Il.tp. rite fast-movini; .tir iminees an .ulili- 
lion.il air tiovv to imiltiplv the ethvt on the 
Map. I'lie M ip ceiierates lift hv inrnini; the 
air lilasi dovvii\v.ii.l. ere.itini; a lifliiiv; force 
as if does ss» 

The ('.-fl.A anementor vv'ni; Miuht research 
Ix'U.in in Sepleriher Id/l?, and vvas eom- 
pi. leil III 1'I7 |. The results h.ive heeome 
part ,if th- tix'hno'onv h.isi* for the further 
exploitation of povveiril lift sv stems. 


3 . IV XV-5B vertical lift 
research vehicle beiiVR 
rratlietl lur a wind-tunnel 
lest at .Arne*. 
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Miich of NASA’s work on powered lift 
s>'stcms is applicable to the de\’clopinent of 
short-haul transports. Because they arc 
expected to operate from sniallcr airports 
nearer city or urban centers, noise and other 
pollution arc major considerations. 

In spite of the widespread use of helicopters — 
the militarv' operates about 10,000 and civil 
operators fl\ nearly .t,000 more in the United 
States alone — they arc not efficient vehicles 
for tra:isp>ortation. 

B“causc they were developed primarily to 
lift things vertically over short ranges, little 
attention had l>ecn paid to making them 
aerodynamicaliy clean and of low drag. 

They vibrate, and the\- arc complex. 

Low cRicicncy, high drag, vibration and 
complexity translate into high purchase and 
op*eration costs. Noise is another problem 
area. Instrument approaches, taking 
advantage of the unique flight capabilities 
of the helicopter, can't be done irrstead, the 
approach is flown as if the helicopter were 
a fixed-wing airplane. 

Langley Research Center has been worsting 
on rotaiy-wing aircraft research for clos** to 
50 years and has made a number of contri- 
butions to improve their efficiency and 
their safety. 

•\ simple modification tc the tip contour 
of a helicopter rotor blade produced major 
reductions in the cruise p>owcr required 


and in the noise level. Conventional 
rotor blades have rectangular tips which 
generate strong vortices as they rotate. The 
vortices generate noise and drag. Langlc>’ 
researchers devised an ogee tip — an ogee 
takes its name from an architectural 
molding shaped like an elongated letter 
“S” — which reduces the strength of the tip 
vortex substantially. 

The ogee tip was tested on the Langle>’ 
whirl tower and in flight on an othenvise 
standard Bell LTI-IH helicopter. Two 
major results came from the ogee tip. First, 
the level flight cn"'se power was reduced 
l>y about 100 hoisepower, corresponding 
to a 12 to 20 picrcent improvement. Second, 
the near-field noise level dropped by almost 
7dB. 

During this dcc.’de Langley researchers 
were working with a team of .Anny 
researchers and supptorting personnel from 
the Army .Mr Mobility Research and 
Dev’clopittent Lalroratorv-, organized as a 
Directorate at Langley. .Almost all of the 
N.AS.A helicopter program at Langley is a 
joint effort, jointlv’ funded, by the .Army 
and N.AS.A. This combined effort has led 
to such major developments as th *'.otor 
Systems Research .Aircraft fk.SR.A*. 

Two RSR.A vehicles vere built and 
tested by the Sikorsky .Aircraft Division of 
United .Aircraft Corp. The first of tlu-se was 
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well into its light research phase at NASA’s 
Wallops Flight C'arnter in iiiid-1977. 

Two RSRA’s were built as compound 
helicopters with removable wing, stabilizer 
and au\iliar\' jet engines, rhey use e.sisting 
rotor ssstems, powerplants and driv«-s to 
achieve economy. And they are the fiist 
helicopters to Ik' designetl from the start 
with an emergency I'scape system for the 
crew. 

The adaptation of computerized structural 
analysis has been one of the major benefits 
to industry from N.ASA research. 
N.ASTR.AN, which is the acronym for one 
of N’AS.A’s analysis programs, has lH*cn a 
part cf the revolution in design methods 
that has swept through the aerospace 
industry during the decade. 

S'nce I.angley took over management of 
the N.ASTR.W' program in 1 970. the 
center has worked with — among others — 
the helicopter manufacturers in their 
widening use of the technique. It is now 
the basic stnictural analysis tool in the 
helicopter industry, and all of t’ne com- 
panies tise it for .izing thei: stnictures and 
analyzing stn'.ctural dynamics. Both 
RSR.\ vehicles, for example, were analvzed 
using N ASTR.A.N. 

FI.EXSTAB i.s another .VA.^A computer- 
developed prttgram to predict aeroelastic 
elTects. .\n aircraft is f’ sible; it responds 
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2. An m;rr lip on the 
Tutor blade ItvikK like 
thi5. It detnon5lraird 
rrtlucrt! cmi«r power 
required and producnl 
5ul>stancial[y le^'i noise 
in these tests in lliijht at 
the I Rese.ireh 

(Vnirr 

The XFV-12 '•xperi- 
mental vertical iake«>fr 
lii(hler nmler develop- 
ment for the N.ivy was 
down in iniKlel form in 
free-linjht in the l..int{ley 
full-scale tunnel. Tests 
evaluated the |im-sj>eed 
licliavtor of the aircraft. 


I. First of llir rotor sv.s- 
le‘ms ir>»-ari’U .drrr.ift m 
an rariv diitht driiuinsir.i- 
lion at Its manufacturers 
plant. KSKA was dr- 
\e!ojM tl In Sikonkv a 
joint NAS.\ .\rmv 
program. 



i 


I 


82 



j 



I 

1. Miiilaiy ronipmrnl 
hanys fix>m ihc umlcrsUit 
of lliis iTuidrl of a moditim 
F-Hl varial/'.f!i™moir\' 
liKhlrr in l^nql<-y sludu^ 
of ^vays to increase the 
we ipons rapacity ol the 
aircraft. 

2. fu..-scale, radio- 
conliolltd, and spm- 
lunnei models of the 
Cnimni.in .\inerican 
trainei aic Ix-in,* studied 
in a series of stall, . "pin 
research programs a* 
Langley. 


to loads by bending, f.visting or othcrsvisc 
yielding, scmetiinc.s invisibly, soinetimcs 
vcr\’ visibly. When it deflects, it flics 
dilTcrcntly from the way that rigid 
wind'tnnnri models and computational 
methods predict. Its llcxibilitv in 
flight — its aeroelasticity — may make one 
or more control stirfaccs useless, or impose 
an iimisnal stress on one structural membt :. 
FLEXST.AB has l>e«'n used to solve those 
problems in many of tlu* new generation of 
inilitarN' aircraft. 

N'.XS.V supercritical aerodynantic technology 
is biing apphexl to the low-speed end of the 
flight perft nuance reijiine of neneral 
aviation airplanes, as well as to the 
high-spied ain raft. .\ special series of airfoils 
was dc\elo|)eil at l.amtlev spiYiluMlb i-.i 
meet the mpiirements of cenci.d avi.i'ion 
.aivcr.ifl. First i! •si^n.iieil lor 

(.iencr.'d .‘wialion iW hiteomi';, llu-y now 
liase a new nomenclature lu.sed on speed, 
rantte, tlesiijn lift ciH'lhc lent, •■ambci. and 
percent of thicknes;. clioril ratux 
l.iitht aircraft accidents result, too often, 
from an unplanned enti-y into a stall and 
spin. The stall spin |>rol>lem is beins; t.tekled 
in a number of ways, nsitit; liill-scale 
instnimenti'd aircraft, snin-tniinel iiukIcIs 


tested at Langley, and radio-controlled 
models. 

lamgle-, is investiejating the crash.worthiness 
of a nuinlK-r of light twin- and singie- 
engincQ aircraft, m.ade available to the 
Center at low cost by ti,c inannf.tctnrcrs, 
for this research. I'nlly irstrumented 
and with anthropoit.e. phic dnminies 
strapped 'n the Si’.,ts. the planes are hoisted 
aliovp .1 concrcic pad and dropped ir* a 
variety of .■’.litndes ami loa^fing conditions. 
Hiithspe.d motion pictures and othc'" 
instre.ncntation monitor the crash, incasiirc 
til wav the airplane absorbs the energy of 
ilte inip.-ict. .ami determine whether the 
crash would have been a snr\iv?blc one. 
New seat dc.sigos and irstraint svstems were 
one early ontci me of this coiitimiing 
Langley research program. 

Wind-tunnel nuxlels liave long ago proved 
their basic valm. But a:, tivtmology ad- 
vanced, and as it hi'c.ame more important 
to have piacisc data liom wmd tunnels for 
tlirect n«' in full-scale design, .soi e oi the 
minor ilrawliacks of wiiid-tiinnel tests 
iiecame m.iior ones, and stumbling hUx'ks 
to fnrtlier progre.ss. 

The problem w.is Re\ iiiilds number I'lTect. 
a key taclor in .ill wiiul-lnnnel testing tli.il 










involves scried -down nicxlels. Reynolds 
miinU’r is .1 dinicnsioult.ss factor that is 
used to catupare dovv similarities lietween 
the mode) and the fiill-si/e airplane. 

Particula Iv for testinc; in the transonic 
speed ratiRC, l>oih Reynolds nuniher and 
Mach mnnher innst he the same values for 
the moilel and for the full-scale airplane. 
Full-scale wind tunnels have heen Imilt, hut 
they operate at lower speeds tliau transonic, 
riie power required to drive thei. at 
transonic speeds would he totally i;ii|)rac- 
fcal. tltlier techniques have their liiviitations. 
Hut one feasible alternative is to reduce the 
temperature of the workini; medium in the 
tunnel, and this is tlic appro.u'h chosen in 
till desium of l,am;lev's newest wind-tunnel, 
the .National Tran.-onic Facility (NTF). 

TFiC NTF will operate with nitrogen gas, 
cooled to a very low working temperature. 

It will be able to operate in a range that 
will produce full-scale Reynolds numbers 
for tests ol a wide s-.iricty of .aircraft tnodcl 
types at subsonic and transonic speeds. 

I hc Dillcrential Maneuvering Simulator 
(DMS) is a unique rese.'trch aid for the 
study of the problems of comiiat bet veer, 
fighters. .\t l .angley, pilot after pilot has 
sat in the OMS c^Kkpits, and acted as 


3. Spin model of (he 

Grumman elcc- 

ircinic warfare airrraft 
deraonstrales its recovery 
techniques in the I_ini;lcy 
spin liinnrl, one of two 

in the free work!. 

4. ,\ light Iwin-engined 
aircraft, marked for 
photography, instru- 
mented cslensively and 
with dummies slr.ippesl 
in its seats, is dropped to 
crash under controlled 
conditions in a I.anglry 
investigation of aircraft 
crashworthiness. 
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I. A Cmna t^lO, popular 
light iwin-^nEinrd aiFCrafl 
with private and business 
owners, is mounted in the 
Langtry 40- by HO-ft. 
wind tunnel for 
evaluation. 
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2. Tlie .iiUanred 

air combat tighter, was 
down in miKlel form in 
the Langley fnll-scalc 
tunnel 


i 

threat or friendly fichter, swirlint; through 
projected sky and ground patlcrns in the 
dogfightinj? dance. From these simulated 
combats has cotne much lja,sk data lot the 
developtnent of nctv get. orations of fighters. 
DMS is a pair of spheres, each 40 feet in 
diameter, each housing a cockpit and a 
projection system that reminds observers of 
a planetarium. The projector displays the 
fonn of the target airplane and it aisc 
projects a spherical environmeni, with skv, 
Earth features and the Sun for visual 
rcftrencc. 

All of this equipment feeds a digital eoni- 
putcr which does the real work of monitor- 
ing vhat each pilot is doing ami altering 
the target images arcordingly 
Vhe result is a iireath-taking replication of 
the real situation, and one in which even 
veterans find themsoK'e.s hard-pressed. The 
DMS can use two pilots, each dying one 
aircraft; oi' it car exercise only one pilot, 
flying against a pre-programmed tlireat 
aircraft or missile. 

Such a .simulator also c.'.n easily tluplica'e 
space vehicle renclezvotis. it can be used to 
rvaluaie current aircraft against proposed 
im|irovnnents, or against a new ,ind 
dilferent design. It can be useii to stu.ly the 
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effects of varying single features of a specific 
ai "Tilane, 

I'he PMS is perliaps the most sop!iis*icaied 
of a luimitei of simulators that NASA has 
developed over tliis decade. .Simulation has 
hix'omc an increasingly importaiu research 
tot)l, as well as a very vaiualile training 
device. The argument,! are well known. You 
can simulatv, in a safe euMronment. a wide 
var\'ly of dangerou,-. perhaps destructive, 
ti*st conditions. .Airlines use them to practice 
emergency piax'ediires, piling an engine fire 
on in electrical lailure on a raliin ileconi- 
prc’ on. MiUiarv pilot' i'*-* them for missile 
and comliat training. 

N.'\S,\'s u.se of simulati. almost exclusivelv 
for ICS' arch, which is why .he simulaiors 
.seen on a \ isit to .tin' i>f the centers will vary 
fro'n a simple, lew-item presentation to a 
fnl'-hlow. cockpit and environmental setup 
like DMS. 

.\.S.\ r.imnlators have studied an endless 
'.ist of the prolilems of tlight aiul have 
eontrihuied much to their solutions. They 
ilevc'oped teclmirpies for sp.iceer.ift rentle/- 
vous and diH'king that pahl olf in the 
tieniiiii, Apollo an<l .\)inllo-Soyn/ Test 
I’roji-cl. I'hev developed the skdh fm' lunar 
landings. I'hev enahleil pilots to assess a 


4 

variety of new or modified app.oach and 
landing systems for had weather operations, 
and to experience the erratic heiiavior of a 
large helicopter lifting a Imlky cargo into 
the air at the end of a cable sling in gusty 
winds. 

Simulators continue to he developed for 
specialized and generalizerl studies. They 
h.nve paid off their develo|»ment costs many 
times over in lives saved, in aircraft not put 
at risk, and in the explor.ition of new tlight 
techniques. 

\ different kind of .simulation should lie 
mentioned here, although it only arrivetl 
ill advance,', .dea form it the end of this 
decade. Programmed properly, a computer 
can seiA'e as an aenxlynamic simulator, 
running .solutions of the classical equations 
and presenting lesults in npid-lire sequence. 
During the IhiiOs, it was possible to sinml'ite 
by Computer c.ilculation the lift distri'.iution 
and vortex dr.ig around ,i wing o'- other 
geometric surf ice. Iky about I'*?."!, computer 
technology aiul capacity had evolved so that 
these studies could be expaiuled to include 
transonic r.nd hypersonic flow fields, rhese 
flow simulations are more .u'cur.ite than 
wind-tunnel tests, because there are none 
of the tunnel limitations of wall elfects. 


3. llir lUglil -limiilator fur 
advancal aimaft at 
.Ames Rrsearrh Ontrr 
has been u.»ed in aecidrnl 
investigations, miliiary 
aircraft development, and 
evaluation of the space 
shuttle IlyinR qualities. 


4. .A heavy logistics air- 
craft model umler test in 
the l.anRley full-scale 
wind tunnel. 


support intcrfcrcocc, and Reynolds numbers. 
To extend these simulations to three- 
dimensional values in “tea. ’ air, will require 
about 40 times the unit remputer capacity 
that existed in 1977. So NASA is proposing 
a new facility-, to be completed in 1981, 
which will have the single-computer capacity 
needed f- -r three-dimensional solutions of 
the flow equations. 

That kind of a computer complex, when it 
comes on line, will serve also to increase 
the efficiency of wind-tunnel testing; it will 
reduce the amount of that testing by 
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reducing ti;c number of conhguration 
variables. 

whole book could Ijc written about the 
space shuttle, N.'^Sa’s r >*'ablc spacecraft 
that will prove a maje aacc in low-cost 
space exploration and peii."'os — travel. 
Spacecraft, as such, arc beyona he scope 
of this treatment of aeronautical r». search. 

But there is one area that the shiiH e shares 
in comnjon with many of the aeronautical 
research vehicles mentioned in these pages. 

The shuttle comes back to Earth and lands, 
more or less like a conventional airplane. 

Less, 1 n-cause it descends at a \ cry steep 
glide-path angle, and it is unpowered 
during its approach to the landing. 

At the end of this decade, the space shuttle 
itself — the first of the series, named the 
"Enterprise" — had completed its flight 
research program at N.AS.Vs Dn'den Fliglit 
Research Center. It had l)cen flou. as a 
captive aircraft, stiiit-motmted to a modi- 
fied Boeing 747 transport. Tho . flights 
were to determine the characteristics of the 
combination, vised to launch the shuttle on 
some necessary flight research to find its 
performance as a poweries.s glider. It was 
successfully carried aloft on the 747 mother 
plane and released, to make its own way to 
the lengths nmwav' on the dry lake i>ed 
where so many of its prodeccssoi>' had 
lauded. 
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NASA’s confidence in the flyinti qualities of 
the shuttle is based largely on the extensive 
experience with a loin; line of research 
aircraft, lieKinning with the tiny rockei- 
powered Bell X-1 of 30 years earlier, and 
extended through the flight n-search pro- 
grams on lifting Irodies conducted earlier 
in this decade. 

Last of these was the X-24B, the final con- 
figuration of one of the three original 
lifting bodies tested in the program. It was 
built for assessineiu of the low -speed Hying 
qualities of a hypersonic lifting l)ody. 
Typically, the X-24B landed after an ap- 
proach along a glide path 24 degrees 
below the horizon. As most normal aircraft 
approaches arc flown at a glide path slope 
of three degrees below the horizon, it is 
apparent that the X-24B glided like the 
proverbial brick, with eight times as steep 
a glide ang'e. 

The X-24B made 33 successful flights hefo»'c 
the program was completed in 1975. 

The 199th and last flight of X.AS.A’s X-1 5 
n-.scarch aircraft was made October 24, 

1968. During the ten years that the three 
examples of this research aircraft flew, they 
pros ed the feasibility of manned space 
flight, extended the borders of manned 
flight to the edge of space and well into the 
hypersonic speed range, and carried 
research instruments to sustained heights 


t . IirIu. singlr-enginrci 
grncral a\iation aircraft 
mounted for tests in th** 
Langley 40- by HO-ft. 
tunnel. 

2. Twenty years after its 
first Might, the Bell X-I4B 
vertical takeoff and land- 
ing lesearch aircraft still 

is active in .N.\S.\ pro- 
gram work. 

3. On a back .ircet at 
Ames Research Laliora- 
lory, wind-tunnel models 
of the space shuttle and 
the c|iiiei short-haid re- 
search aircraft p.iss cm 
their way to test programs. 
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I. The X-15 rrsearch 
vehicle in its iinal form, 
with an ablative coating, 
reduced windshield area, 
and auxiliary rocket fuel 
and oxidizer tanks for an 
extension of its perform- 
ance well into the hyper- 
sonic speed range. 


2. The space shuttle, part 
airplane, pan spacecraft, 
in model form ready for 
testing in the .^mes full- 
scale wind tunnel. 
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and speeds that had not been reached lyefore 
by manned aircraft. | 

The program was marred by a fatal crash 
in late 1967, and from then on its pace j 
slowed. Budgetary problems finally termi- 
nated the X-15 program, one of the major 
contributions of NASA flight research to the 
future of aeronautics. 

The X-1 5 program, which ended at the 
beginning of this decade, had some 
similarities to the shuttle program, which is 
just starting at the end of this decade. Both 
craft are hybrid designs, combining the 
characteristics of airplane and spacecraft. 
Both were developed to extend our knowl- 
edge to new borders. The X-15 stretched the 
bounds of conventional flight mtu the 
realm of space, pioneering flignt techniques 
and systems. The shuttle will do a similar 
job, bringing to space explorat'on the 
capabilities of a reusable spacecraft with a 
huge and useful payload. 

Each of these pioneering vehicles will 
influence the design of aircraft and space- 
craft to come. The X-15 looks a little dated 
in 1977, when compared to the space 
shuttle. The space shuttle itself will look a 
little old-fashioned from the vantage point 
■■1987 

A decade apart in time, they demonstrate 
the pace of technology set by the National 
Aeronautics and Space .\dministration. 
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Sixty years is not a ver>' long time in the recorded span of history. 

Many of today’s top-level managers of the aerospace industi-y were 
born at about the time that the National Advisory Committee for 
Aeronautics was born, and they have grown up together. 

In their childhood, they watched the rare airplane that buzzed over- 
head, maybe dropping leaflets or a daredevil suspended beneath a 
gaudy parachute. They went out to the fairgrounds and saw aerial 
acrobatics, or — in the ultimate thrill — took a ride over their home 
town for five dollars. 

In their teens, they hung around the airports, envyinc the suave pilots 
with leathe. jackets who flew the biplanes and the ncv\ light mono- 
planes, that held the pro nise of a plane in every garage. They washed 
airp'anes. wiped windshields, poured gasoline in exchange for a ride 
or for instruction. 

They went to work in the fledgling industry, or to college to study the 
initial complexities of calculus so that they could someday design an 
airplane. 

r)f them went to war in the airplanes they had helped to develop, 
in w,i.e way or another, and too many of them died in those same 
ai .craft. 

In the postwar years, they struggled with the visions of any postwar 
dreamer, hoping that at least sonie of the dreams would be realized. 

And that has happened. In their lifetime, the speed of airplanes has 
gone from less than 100 miles per hour to more than 4,000 miles per 
hour. During their years, they have seen revolution after technical 
revolutir i: jet propulsion, rocket flight, sweepback, variable sweep, 
supersonic flight, rotary-winged aircraft, vertical flight, guided missiles, 
manned spaceflight, exploration of the Moon and the planets. 

Tn their lifetime, the land masses and the oceans have shrunk to be 
measured no' ' in hours instead of thousands of rriles; to be spanned 
during a meal and a nap, instead of during a week of steaming or a 
tedious day of throbbing flight. 

And in the few months remaining be* cen the tine this is being written, 
and the time it is read, other aviation marks will be set. Records will be 
broken and re-broken. New designs will take tangible form in the 
solid structures of jigs and fixtures on factory floors. 

The extrapolations of aeronautical knowledge will continue to make 
possible the exploration of space. 

These things will happen, because the thrust of dev'elopment in avia- 
tion is upward into new regions of flight, and outward into new markets 
.’nd applications for the basic principles of flight. 

Those principles have been developed over the years by successive 
generations of scientists and engineers, p ' ' and mechanics, scholarly 
IP inkers and backyard tinkerers — even b> ools and frauds. The 
airplane today is the sum of many parts. 

One of the largest is the experience of years of aeronautical research. 
Sixty years ago, me ' raised shovels of earth to symbolize the start of 
construction of the first Federally funded laboi atory for aeronautical 
research in the United States. 

Later, other men lifted the first samplings of the lunar surface in the 
start of scientific exploratio.n of the Moon, an extension of research 
begun at Langley and carried on throughout NASA. 

F’’oni the Moon, the Apollo astronauts looked back and saw their F.arth. 
But they looked ahead and — with the men who turned the warm N'irginia 
earth those sixty years ago — tney saw the star.' closer now. 









